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Pollen grains in the identification and classification of plants 
III. The Nassauvinae 


ROGER P. WopEHOUSE 


(WITH PLATE 3) 


A study of the pollen grains of the Compositae has shown 
that, though the family as a whole is characterized by much 
uniformity and closeness of relationship there exists within it 
a wide range of pollen-grain forms. The differences in the size, 
shape, texture and adornments of the grains of the different 
species are sometimes truly enormous; still the grains are all 
stamped with a ‘family resemblance’ which is in keeping with 
the various degrees of interrelationship. 

Though the Compositae are the largest and most clearly 
defined of all the families of the flowering plants, there is much 
uncertainty as to the relationship of the various tribes and sub- 
tribes to each other, and of the relations of the family as a whole 
to other families. Nevertheless the pollen grains of the various 
tribes and subtribes generally possess certain characters which 
distinguish them readily enough from those of others; and since 
these characters, when compared throughout groups of the 
Compositae of known relationships, show more or less definite 
trends of genetic development, it is to be expected that their 
further study will throw some light upon the more obscure or 
doubtful relationships, and possibly by projecting backwards 
these known lines of development, suggest the origin of the 
family as a whole. 

The characters of pollen grains belong in a category quite 
apart from that of the grosser anatomical structures, though of 
similar phyletic distribution. Harper (1913) has shown in his 
studies of Pediastrum that ‘specifically inherited cell form and 
cellular interactions during growth are the principal morpho- 
genetic factors in the development of the differentiated cell 
colonies,’ and he has shown that the number of cells and con- 
sequently their arrangement in the colonies is, to a certain 
extent, a matter of individual variation and of little use in the 
identification or classification of the different species, but that 
the degree to which the spines of the individual cells develop 
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affords a basis for the delimitation of species, and further (1918) 
the number of the spines on each of the peripheral cells of the 
colony affords the means of making the major divisions of the 
genus. The laws which Harper has established for Pediastrum 
are universal, but in the highly organized plant body of the 
phanerogams the specifically inherited cell forms of tissue cells 
are largely prevented, by their interactions with their neighbors 
and their subservience to their functional requirements, from 
coming individually to expression; so that in studying the 
completely organized plant body we are dealing mainly with 
the results of the inherited ‘cellular interactions’ further modi- 
fied by outside environmental conditions, which is but half 
the story. The other half, the specifically inherited cell form 
is to be found in the pollen grains which are comparatively much 
less modified by cellular interactions and certainly bring to 
expression their specific capacities in a freer environment than 
that of the somatic cells. Consequently most of the characters 
of pollen grains are those of the specifically inherited cell form. 

Making use of the characters of the pollen grains, which 
have hitherto been neglected in all phylogenetic studies of the 
Compositae, it is the purpose of the present series of studies 
to see to what extent the pollen-grain characters will sub- 
stantiate or refute the current ideas of the classification of the 
family. The results obtained from my previous investigations 
of the Ambrosiaceae and of Barnadesia encourage me to hope 
that a similar study of the pollen-grain forms of all the groups 
of the Compositae will help to establish the interrelationships 
of the various tribes and the origin of the group as a whole. 
With this in view the present paper presents an analysis of the 
pollen-grain forms of one of the subtribes of the Mutisieae, the 
Nassauvinae. 


HABIT AND DISTRIBUTION OF THE NASSAUVINAE 


The Nassauvinae constitute rather an isolated group of 
Compositae, comprising some hundred and seventy-five species 
in fifteen genera. Their relationships with the rest of the family 
are somewhat uncertain; their corollas, always distinctly bi- 
labiate, are those of the Mutisieae, but their style branches, 
except in Proustia, ‘tronquées et penicellées a l’extrémité,’ are 
those of the Senecioneae, to which group in some genera, the 
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involucre and general habit bear a close resemblance. Never- 
theless there is no doubt in the minds of most botanists that 
the Nassauvinae belong properly in or near to the Mutisieae. 

In distribution the Nassauvinae are almost entirely confined 
to the western part of South America or, more especially, to 
the extratropical or Chilean region, which is the one region in 
the world where the Mutisieae are the dominant Compositae, 
comprising nearly one third of all the family. A few genera of 
the Nassauvinae, however, are represented fairly abundantly 
in the Andean region to the north; a few reach through the 
mountainous regions of Central America and Mexico, and two 
genera are represented even in the southwestern part of the 
United States. Some species of Jungia are native of Brazil and 
Colombia, and one species of Perezia is found on the shores of 
Tierra del Fuego. Roughly speaking they reach from California 
to Cape Horn, with their greatest concentration of species and 
individuals in the Andean region. 

Of the fifteen genera included in the Nassauvinae the pollen 
from species of eleven genera has been examined. These eleven 
genera are described below. 

Jungia Linn. f. comprises about twelve species in Chile and 
Brazil, a few extending as far north as Colombia. The plants of 
this genus have much of the habit and occasionally the in- 
volucre of the Senecioneae, but they are mutisiaceous in their 
essential characters, and are regarded by Bentham and Hooker 
(1873) as most closely related to the next genus. 

Trixis P. Browne comprises about eleven species, mostly 
shrubs of diverse habit but frequently resembling the Sene- 
cioneae. A genus of wider distribution than Jungia, Trixis 
reaches from Chile through Central America to Mexico and the 
West Indies, and two species are found in the southwestern 
part of the United States. 

Nassauvia Jus. comprises about twenty-five species of low 
sprawling shrubs. In some the leaves are closely appressed, 
giving the branches a scaly serpent-like appearance; in others 
they are spreading and spine-tipped. The species of this genus 
are confined to the Chilean Andes, Patagonia, and the Falkland 
Islands, with one species reported from Cape Horn (Macloskie, 
1906). 

Triptilion Ruiz et Pav. comprises about six species confined 
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to the Chilean region and Patagonia, annual and perennial herbs 
of various habit, but in essential characters scarcely different 
from Nassauvia. 
Proustia Lag. comprises about six or seven species in the 
TABLE 1 


Pollen-grain characters of the Naussavinae 


SHAPE FURROW 





NO TRACE OF SPINES IN ANY SPECIES, | — = he . SIZE 
TEXTURE ALWAYS FINELY BUT a | 3 Zivivi_| 4] . BIS IN 
DISTINCTLY GRANULAR cisis SIBlal + 1ZE| s MiCRONS 
2/2); o S ¥ alias] so 
AI\Zlael/Fsieice —E |S & 
| i 

Jungia pauciflora Rusby + 0} + . + 0 0 | 27.5 
J. floribunda Less + 0| 4 -isi @ 0 | 25.8 
Trixis involucrata D. Don + 0} + + 0; 0 } 30.0 42.5 
T. frutescens Spreng.* | + 0 4 + 0 0 + | 24.033.0 
T. corymbosa D. Don + Oo; +]+ 0 + + | 30.8X43.3 
T. angustifolia DC + 0; +!1+1!]0/]0 | + | 30.0x40.0 
T. radialis (L.) O. K.* + 0; + +! 0} + + | 25.3X37.5 
Proustia pungens Poepp + O;+i]+]0/] 0 0 | 40.0 
P. Krugiana Urban + | 0}; + + 0 . + | 26.6 
P. pyrifolia Lag. + 0; + 0; 0 + sl | 28.6 
P. Vanillosma Wright + 0} + +} oOo] + + 30.0 
Perezia Wrightii A. Gray + | 0 + + 0 . 0 32.5 
Nassauvia pyramidalis Meyen 

var. arachnoidea O. K. sl 0| +/+! 0] 04 o | 25.0 
N. pungens Phil. sl Oo|/+]+] 0] 01] Oo | 27.0 
N. serpens Urv. sl Oo; +/+] 0] 01] oO | 22.5 
Triptilion euphrasioides DC. sl Oo; +] + 0] sl 0 | 18.5 
T. Benaventii Remy | sl 0} + +1 QO] sl 0 | 24.2X18.7 
T. cordifolium Lag. oy sl | O} +| +] 0] st] © | 18.1x16.5 
T. spinosym Ruiz & Pav | | sl 0} 4 + 0| 0 0 | 23.0 
Pamphalea bupleurifolia Less + + | + 0 0/| sl 0 | 19.8 
P. heterophylla Less. | +] + + 0 0 sl | 0} 19.8 
Cleanthes brasiliensis D. Don + +/10 + | 0} sl sl | 27.3 
C. hieracoides Griseb. + +] o}sl]} 0 | 0] 0 | 21.9 
C. hieracoides D. Don + +/ 0] sl 0 l 0 | 20.9 
Polyachyrus sphaerocephalus D. Don + +} +/)0 0/0 sl | 27.5 
Leuceria tenuis Less. + +i +] 0 0); 0 0 | 19.4 
L. paniculata Poepp. + +i+]/0]0!]01] 0] 27.5 
L. anthemidifolia O. K. ~ +i +]0);0]0 1) O | 23.0 
L. purpurea Hook. & Arn | + . +} 0/0/01] Oj 25.8 
Moscharia pinnatifida Ruiz & Pav | + +!1+!0!10/]01] 01] 39.0 





* Trixis frutescens Spreng. has often been regarded as a synonym of T. 
radialis (L.) O. Kuntze, but recent study indicates that both species may be 
maintained, which is also indicated by the pollen-grain size. 


Chilean region with a few in Mexico and one in Cuba.They are 
mostly erect shrubs or climbers, superficially resembling some 
Gochnatinae but are easily distinguished from that subtribe 
by their decidedly bilabiate corollas, a character nearly or 
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quite lacking in the Gochnatinae. Their style branches differ 
from those of all other Nassauvinae in their rounded tips, but 
conform to the subtribe in their long spreading form. The 
genus has a similar distribution to, and is regarded by Bentham 
and Hooker as most nearly related to Perezia. 

Perezia Lag., the largest and possibly the most wide-spread 
genus, comprises forty-six species, mostly low coarse herbs, 
frequently with spine-tipped leaves resembling holly. Most of 
them are confined to the high cordilleras of South America, but 
a few are found in Mexico and even in the southwestern part 
of the United States, a few in Brazil, and in Patagonia as far 
south as Cape Horn. 

Pamphalea Lag. comprises four or five species of annual 
herbs erect and branching, confined to the Chilean region. The 
flowers are white, borne in small heads on long peduncles. The 
corollas are distinctly bilabiate, but the lips are generally nearly 
entire, lacking the two teeth of the upper and the three of the 
lower lip, which are well developed in most other Nassauvinae. 

Cleanthes D. Don comprises four or five species confined to 
Brazil. In some respects they are similar to 7rixis, and are 
included in that genus by Bentham and Hooker, but in other 
respects they are quite different and are regarded as a separate 
genus by Don (1829), who says ‘This genus, which appears to 
be a very natural one, is essentially distinguished from Trixis 
by the naked receptacle,’ and by Grisebach (1879, p. 216) who 
says that the genus is distinct, unnaturally (‘invita natura’) 
joined with 7rixis. The plants are perennial herbs with the 
flowers borne in many headed corymbs on slender stems bearing 
few scattered sessile leaves and with larger petioled leaves at the 
base, after the fashion of many hawkweeds. Thus in habit they 
stand in marked contrast to the species of Trixis, which are 
all shrubs. The flowers of Cleanthes also differ from those of 
Trixis in the shorter elliptical and more minutely toothed lower 
lip of the corolla, and in their pappus, which is persistent, while 
in 7rixis it is caducous. It will be shown that the difference 
between these two genera is strongly expressed in the characters 
of their pollen grains. 

Polyachyrus Lag. comprises about seven species, annual or 
perennial herbs, generally very woolly or glandular-hairy. The 
species are about equally divided in distribution between 
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southern Peru and the northern provinces of Chile. The genus 
is very distinct, but approaches, at least in outward appearance, 
certain species of Leuceria, and is regarded by Bentham and 
Hooker as most closely related to that genus, though Weddell 
(1835) following Cassini, insists that the relationship is most 
closely with Nassauvia. As we shall see, the evidence of their 
pollen grains is decidedly in favor of the former view. 

Leuceria Lag. comprises about twenty-five species confined 
almost entirely to the Chilean region, annual or perennial herbs 
with leaves more or less downy white; of various habit, but 
sometimes resembling the Cichoriaceae. 

Moscharia Ruiz et Pav. consists of but a single species in 
Chile, an annual herb, in outward appearance bearing some 
resemblance to Leuceria. The name Moscharia is well chosen 
from the odor of musk which the whole plant gives off. This 
same character also suggests the common name, Almizqcillo 
(Ruiz et Pavon, 1797, p. 91). 

The characters of the pollen grains of thirty-two species of 
these eleven genera are displayed in table 1. It is seen that the 
grains of all species within each of the different genera, except 
for some variation in size, are essentially alike. 

The distribution of the characters among the different 
genera is summarized in the following key. The grouping of the 
genera on the basis of these characters, brought out by the 
arrangement of the key, concurs with the classification of 
Bentham and Hooker; therefore it may be regarded as natural, 
and shows that the pollen-grain characters of these plants are 
correlated with the other anatomical characters. 


KEY TO THE DISTRIBUTION OF THE POLLEN-GRAIN CHARACTERS 


Grains entirely psilate, no trace of spines found in any species; furrows 
always sharply defined and extremely long, almost meeting at the poles, more 
or less rounded at the ends or sharply pointed (in Cleanthes); texture finely 
but conspicuously granular. Grains sphaeroidal, slightly flattened, or ellip- 
soidal, not conspicuously lobed, and always lacking intercolpar thickenings 
and concavities; various in size from 18.54 to 40.0u transverse measurement. 
A. Furrows scarcely tapering, broadly rounded at the ends and flecked with 

more or less conspicuous granules. 

Furrows marginate, grains approximately spheroidal... .Jungia (fig. 1) 

Furrows emarginate 

Grains ellipsoidal with prominent polar elevations. . Trixis (figs. 2, 3) 
Grains spheroidal with or without slight polar elevations. . . Proustia 
Perezia 
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Grains slightly flattened, without prominent polar 
CGE 6 5 ..cs 00.9) > 1 cade antes ee pee ee Nassauvia 
Triptilion (fig. 4) 
B. Furrows tapering to a more or less rounded end, sharply pointed in Cle- 
anthes, approximately spheroidal. 


Furrows more or less flecked ...Pamphalea 
Cleanthes 
Furrows not flecked Polyachyrus (fig. 5) 
Leuceria 
Moscharia 


POLLEN GRAINS OF THE NASSAUVINAE 

The pollen grains of the Nassauvinae (figs. 1-5) are notable 
among the Compositae for two well marked characters, the 
absence of spines and the extreme development of the furrows. 
Not even the smallest vestige of spines has been found in any 
of the species examined; and the furrows are always sharply 
defined and extremely long. The lengthening has been carried 
to such an extent that they almost meet at the poles, the 
approaching ends of neighboring furrows being separated by 
only a narrow isthmus of unmodified exine, often less in width 
than the furrows themselves. There is considerable variation 
among the grains of the different species in the amount of 
tapering of the furrows towards their ends, but in those of all 
except one genus, the furrows are more or less rounded at the 
ends, and in many they are as broad at the ends as in the middle. 
These two characters, the entire absence of spines and the 
extremely long sharply defined and usually rounded furrows, 
are together quite distinctive for the pollen grains of the 
Nassauvinae, and serve to distinguish them from all the rest 
of the Mutisieae or the Compositae so far examined. 

In other characters the pollen grains of the Nassauvinae 
are also rather sharply set off from the rest of the Mutisieae. 
In texture all are distinctly but finely granular, showing little 
variation in this respect, and lack entirely the coarse pebbled 
appearance characteristic of the grains of most of the other 
Mutisieae. In size they are small, ranging from 18 to 40 microns 
in diameter, and nearly all are less than 30 microns, while in 
the other tribes of the Mutisieae the size ranges as high as 57 
microns in diameter, with the majority well above 30 microns. 
Thus the pollen-grain characters indicate that the group is 
rather compact and distinct from the rest of the tribe. 
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The pollen-grain forms of the Nassauvinae fall into two 
rather well marked groups as indicated in the key: those in 
which the furrows taper scarcely or not at all to their broad 
rounded ends and have the furrow surface always conspicuously 
flecked (group A); and those in which the furrows taper quite 
distinctly to their ends, which are nevertheless generally 
somewhat rounded, except in some species of Cleanthes, and 
have the furrow surface smooth or only occasionally slightly 
flecked (group B). 

The tapering of the furrows is not alone always distinctive, 
for in both groups are encountered borderline cases, but the 
presence of flecks on broad nontapering furrows is quite dis- 
tinctive and serves to separate the grains of Jungia, Trixis, 
Nassauvia, Triptilion, Proustia, and Perezia (group A) from 
those of the other genera of the subtribe. 

The furrow flecks present the same staining properties as 
the cutinized material of the outer layer of the exine, as though, 
at the time of formation of the furrow, small fragments of the 
outer layer of the exine had become detached and left dis- 
tributed over the surface of the furrow. 

The presence of these flecks undoubtedly bears some relation 
to the closing of the furrow, and is probably the outcome of the 
lack of efficiency in closing, arising out of the broad and 
rounded ends of the furrows with which they are generally 
associated in this group. It will readily be seen that furrows 
of this character in the semirigid material of the exine, cannot 
close tightly and must remain gaping at least at the ends. 
Such was actually observed to be the case in some abortive 
and unexpanded grains. It has been shown by Tischler (1908) 
and others that in sterile hybrids when pollen cells abort during 
sporogenesis, if the abortion takes place after the rudiments 
of the exine have been laid down, its development is carried 
to completion in every detail, even though the pollen cells 
remain empty. It so happens that in the pollen of many 
normal species a few grains are to be found that are abortive 
and empty, yet displaying all the external details with even 
greater brilliancy than do the normal grains, and these remain 
unexpanded during staining and embedding. A striking 
example of this was found in the pollen of Trixis angustifolia, 
in which many grains are abortive. In the normal expanded 
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grains towards the ends of the furrows the flecks are numerous 
and close together, but in the mid-region of the furrow they 
are few and scattered. The explanation of this is apparent in 
the unexpanded grains, for in these the edges of the furrows 
are seen to nearly touch in the middle, but gape considerably 
towards the rounded ends. Nevertheless the furrow, so con- 
tracted, is tightly and evenly packed with flecks throughout 
its entire length. When such a furrow expands and its sides 
become parallel or slightly convexed, the elastic membrane 
bearing the flecks is stretched and in the mid-region of the 
furrow where the stretching is greatest, the flecks are most 
widely separated, while towards the ends where the stretching 
is less they are but little separated. 

The way in which the flecks are distributed is various in 
the different species, sometimes offering a good specific char- 
acter. For example, in the grains of Triptilion cordifolium and 
T. spinosum, they cover a narrow strip extending the full length 
and exactly in the center of the furrow, while in 7. euphrasioides 
and 7. Benaventii they are simply scattered. 

The presence or absence of the rounded flecked furrow 
appears to indicate quite a natural division of the subtribe, 
for, according to the classification of Bentham and Hooker, 
Jungia, Trixis, Nassauvia, Triptilion, Proustia, and Perezia, 
the plants possessing this character (group A), are each more 
closely related to the other than they are to the remaining 
genera of the subtribe. 

The grains of Jungia (fig. 1) are distinctly set off from those 
of the other five genera of group A by the possession of a slightly 
overhanging fold along the margins of the furrows; they are 
distinctly though finely granular, with the granules appearing 
to coalesce at the base of the overhanging part of the margins. 
Marginate furrows of this character are not found elsewhere in 
the tribe, and together with the small size, nearly spherical 
form, and absence of spines they serve to distinguish the grains 
of Jungia from those of all other genera. 

The grains of the six species of Trixis (figs. 2,3) that were 
examined are all essentially alike and easily distinguished from 
those of the other genera by their elongate form and their 
possession of very pronounced polar elevations, a character 
which reaches its maximum development in this genus. These 
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grains are remarkable for their large size and elongate form 
(table 1); in most species they are fifty per cent or more longer 
than broad. The long furrows are carried without appreciable 
tapering well up into the polar elevations. The transverse 
furrow is usually well defined and conspicuous. These grains 
present rather a striking appearance not easily confused with 
those of any other genera. 

The grains of all species of Proustia and Perezia that have 
been examined are essentially alike, distinguished from those 
of Trixis and of the two following genera by their spheroidal 
form, and from those of 7rixis also by their weaker development 
or entire absence of polar elevations. It is interesting here to 
note that Proustia is stated by Bentham (1873) to be ‘very 
nearly allied to Perezia’ in the Nassauvinae, but is placed by 
Hoffmann (1893, p. 341) next to the Chinese Nowelia Franchet 
in the subtribe Mutisinae. A comparison of the pollen grains 
of Proustia with those of the various members of the two sub- 
tribes shows that they differ distinctly from those of the Mu- 
tisinae in the absence of spine vestiges, their surface texture 
and their long rounded flecked furrows. In these characters, 
however, they harmonize perfectly with the Nassauvinae, and 
are almost indistinguishable from the grains of Perezia. So 
there can be little doubt of the incorrectness of Hoffmann’s 
view in placing Proustia in the Mutisinae, and the correctness 
of Bentham’s in associating it with Perezia in the Nassauvinae. 

The grains of all species of Nassauvia and Triptilion 
(fig. 4), genera which are always regarded as closely allied, are 
indistinguishable from each other, but are easily distinguished 
from those of Trixis, Proustia, and Perezia by their flattened 
form and entire absence of polar elevations. 

Looking back over these six genera of our group A in the 
key, it is seen that according to the evidence of the pollen 
grains, the last four genera of the group are all rather closely 
related, Proustia and Perezia being distinguished from Nassau- 
via and Triptilion only by the slightly flattened form of the 
grains of the two latter. The grains of Trixis (figs. 2, 3), how- 
ever, differ from them rather widely in general appearance. They 
are larger, much longer and possess more prominent polar 
elevations, altogether presenting an appearance strikingly 
different from the grains of the other four genera. These 
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differences, however, are only of degree, involving characters 
which are also present to a certain extent in the grains of the 
other four genera. On the other hand the grains of Jungza, 
though in general appearance more like the grains of Proustia, 
are distinguished from them by the possession of marginate 
furrows, a character which is not even suggested in the grains 
of Proustia, Perezia, Nassauvia, and Triptilion. For this reason 
Jungia is more widely separated from them in the key than is 
Trixis. Whether this view is correct or not can best be decided 
by seeking intermediate forms; it is quite possible that among 
the many species of 7rixis that have not been examined, grains 
will be found that are smaller, less elongate, and with less 
prominent polar elevations, or that among those of Jungia 
grains will be found with emarginate furrows. However this 
may be, the evidence of the pollen grains so far presented 
indicates that the six genera of group A are more closely related 
to each other than they are to the following group. 

The remaining genera, Pamphalea, Cleanthes, Polyachyrus, 
Leuceria, and Moscharia, group B in the key, reveal much less 
of their interrelationships through their pollen-grain form; 
their visible characters are few and mostly of a negative nature. 
They show their distinction from those of group A in their lack 
of the broad rounded flecked furrows of that group, but they 
show their relationship to them, i.e., their position in the 
Nassauvinae, in the great length and generally more or less 
rounded ends and the sharp definition of their furrows. 

The grains of Pamphalea and Cleanthes are of interest 
because, although unlike those of group A, their furrows taper 
conspicuously, they bear unmistakable flecks on their surface 
small and somewhat indistinct, it is true, but none the less 
homologous with those of group A. This flecked character of 
their furrows clearly distinguishes them from those of the other 
members of group B, and suggests for them an intermediate 
position between the two groups. 

The genus Cleanthes D. Don is not recognized by Bentham 
and Hooker, its species being included with 7Jrixis. The pollen 
grains of the three species of Cleanthes which have been exam- 
ined are all alike, and, except for their slightly flecked furrows, 
conform to our group B, and are quite distinct from those of 
Trixis. They differ from them in their sharply tapering fur- 
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rows, the much weaker development of the flecks, their spher- 
oidal shape, and absence of polar elevations. Though there is 
nothing in the characters of the different species of Cleanthes 
to show that the genus is closely related to those of our section 
B, I believe that the absence from their grains of some of the 
most prominent characters of the five species of Trixis, is 
sufficient warrant for maintaining the genus Cleanthes separate 
from 7rixts. 

The grains of Polyachyrus (fig. 5), Leuceria, and Moscharia 
are essentially alike; they are small and spheroidal, with the 
exine perfectly smooth, and the furrows without flecks and 
tapering conspicuously towards their ends, which are, never- 
theless, always more or less rounded. 

From a consideration of the various characters of the pollen 
grains of the Nassauvinae and comparison with those of the 
other groups of the Compositae, certain lines of development 
are suggested. The fact that their grains are entirely without 
spines might be taken to indicate primitiveness, because the 
primitive form of a spore is smooth. Nevertheless the basic 
form of the pollen grain of the Compositae is unquestionably 
echinate. Thus the indication from this source is that the 
Nassauvinae may be either primitive or advanced, in fact at 
either one end of the development of the Compositae or at the 
other. The great achievement of the Composite pollen grain 
was the development of spines, which are quite the most con- 
spicuous character of the grains of the majority of the species in 
all the tribes except the Mutisieae. Nevertheless the spines are 
found to be very minute or entirely absent in several widely 
separated groups. The cause of this smallness or absence of 
spines we do not always know, but certainly in some cases it is 
a suppression in response to the mode of pollination. For 
example in the Ambrosinae which are wind pollinated, | have 
shown (1928a) that a complete series of forms is found, ranging 
from that of the fully echinate grain of Oxytenia—a monotypic 


genus—which is undoubtedly primitive for the Ambrosinae, 
to that of the much more advanced Euxanthium with grains 
possessing only the slightest vestiges of spines. Likewise among 
the Anthemideae (Wodehouse, 1926), the Artemisias and their 
allies, all of which are wind pollinated, are nearly or quite 
without spines, so that in these cases there is little doubt that 
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the smallness or absence of spines is a suppression in response 
to the anemophilous habit. On the other hand, the pollen grains 
of some groups of the Compositae which are not wind pollinated 
show a strong tendency towards a suppression of spines for no 
apparent reason. Among the Cynareae, the tribe which is prob- 
ably most closely related to the Mutisieae, many species have 
grains with spines greatly reduced and even occasionally en- 
tirely absent, and in the Mutisieae all of the species which have 
been examined, except one, have the spines greatly reduced; 
nevertheless, vestiges of them can nearly always be found. In 
the Nassauvinae, however, no trace of them has been seen in 
any species. Thus it appears that the developmental tendency 
of the spines in the Cynareae and Mutisieae is that of sup- 
pression or reduction, culminating in their entire absence in 
the Nassauvinae. The only alternative possible is that the 
Nassauvinae represent the primitive group of the Compositae 
from which the others took their origin, but the ease with which 
the spines appear to be lost in the phylogeny of the Compositae 
makes it seem more likely that the pollen grains of the Nassau- 
vinae are advanced rather than primitive. 

The furrow exists in all possible forms in the different tribes 
of the Compositae. I have shown (1928) that in the Ambro- 
sinae the developmental tendency is a shortening of the furrow, 
starting with the long pointed form of the grain of Oxytenza, 
and ending with the short rounded form of Ambrosia and 
Xanthium. In the genera and species of the Cynareae, both 
the length and definition of the furrows are various and hap- 
hazard in distribution. In the grains of Cousinia, for example, 
the furrow is long, but shallow and imperfectly defined, with 
the surface of the intine shading gradually into that of the 
furrow; in Carduus divaricatus the furrow is medium in length, 
but clearly and sharply defined; in the grains of Centrophyllum 
it is so short that it practically coincides with the germinal 
pore; and in the genus Centaurea all lengths, and variation in 
definition may be found. Thus in the Cynareae no definite 
tendency is seen; the furrows are phylogenetically unstable. 

In the Mutisieae, on the other hand, there is a definite ten- 
dency towards the lengthening of the furrow; in nearly all it 
is long, and in the subtribe Nassauvinae the lengthening is 
carried to its greatest extent, for in the grains of all species of 
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this group we have seen that the furrows almost meet at the 
poles, and in those of 7rixis they are carried even beyond into 
the polar elevations. Furthermore in the grains of all the 
Nassauvinae the furrows are sharply defined; the transition 
in tissue from that of the general surface to that of the furrow 
is abrupt and the furrow is sunken so that there is no gradual 
change in texture in passing from one to the other, as is fre- 
quently encountered in the grains of the neighboring subtribes. 
The relation of the sides of the furrow to its surface in the 
grains of the Nassauvinae calls to mind the lids covering the 
ball of the mammalian eye. This reaches its best development 
in the grains of Jungia, in which the margins of the furrow 
bear an undulating frill, just as the lids of the eye bear lashes. 
A shortcoming of the analogy is that in opening, the margins 
of the furrows stretch the delicate membrane crossing the 
surface, instead of sliding over it as the lids slide over the ball 
of the eye. 

Summarizing, it appears that the Nassauvinae may repre- 
sent the culmination of three more or less distinct developmental 
tendencies, viz., the reduction of spines observed all through 
the Cynareae and Mutisieae, culminating in the entire absence 
of spines throughout this group; the lengthening of the furrows 
seen in various stages of development in the other tribes of the 
Mutisieae, culminating in the grains of 7 rixts; and the definition 
of the furrows strongly felt in the Nassauvinae, culminating in 
the marginate grains of J/ungia. On the basis of the morphology 
of their pollen grains, the different genera of the Nassauvinae 
appear to be closely related and represent the end of a phylo- 
genetic line of the Mutisieae. 


Yonkers, NEw YorkK 
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Explanation of plate 3 


All figures were drawn free-hand from studies made with a Zeiss apochro- 
matic objective, 2 mm., Na. 1.3 and a 10X compensating ocular, resultant 
magnification 900. No constant magnification is employed in reproduction. 
Instead a size is adopted sufficient to show the important characters. The 
dimensions given are the average transverse measurements; in elongate or 
flattened grains, the average transverse and average axial measurements. 

Fig. 1. Pollen grain of Jungia floribunda Less. 25.84 diam. Viewed 
slightly to one side of the pole, showing the long rounded flecked furrows with 
projecting margins. 

Fig. 2. Pollen grain of Trixis corymbosa D. Don. 30.04 X43.3u. Side 
view showing the long rounded and flecked furrows, extending into the polar 
elevations. 

Fig. 3. Pollen grain of Trixis corymbosa viewed slightly to one side of 
the pole, showing the closely approaching ends of the long furrows. 

Fig. 4. Pollen grain of Triptilion euphrasioides DC. 18.54 diam. Polar 
view, showing the rounded ends of the long flecked furrows almost meeting 
at the pole. 

Fig. 5. Pollen grain of Polyachyrus sphaerocephalus D. Don. 27.5u diam. 
Polar view, showing the long tapering furrows with rounded tips, but without 
flecks. 
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A double-walled pot for the auto-irrigation of plants! 


J. DEAN WILson 
(WITH THREE TEXT FIGURES) 

In growing plants in pots for experimental or commercial 
purposes, it is frequently desirable to control or maintain the 
percentage of moisture in the soil more closely than can be 
done by the usual method of watering at one or two-day 
intervals. This can now be done very satisfactorily by the 
use of porous porcelain auto-irrigators (Livingston, 6, 8). By 
using these instruments in a number of pots with the same kind 
of soil, the irrigators being connected in series so that all draw 
water from the same reservoir and against the same resistance, 
it is possible to maintain the moisture content of all the pots 
at very nearly the same value. This may be done for long 
periods of time with a minimum of labor, after the necessary 
arrangements have been made at the start (Deatrick, 2; 
Dustman, 3; Livingston and Hawkins, 9; Livingston, Hemmi, 
and Wilson, 10). If several pots be filled with the same type 
of soil, each may be maintained at a different moisture content 
by using a mercury barostat of different height in each water 
system (Livingston, Hemmi, and Wilson, 10). Also, pots 
filled with soils of different physical characteristics and differ- 
ent water-holding capacities may be held at approximately 
the same water contents (on the basis of dry weight or dry 
volume) by allowing them to come into equilibrium with 
barostats of properly selected heights (Holmes, 5; Livingston, 
Hemmi, and Wilson, 10). 

The auto-irrigator, as first used (Hawkins, 4; Livingston, 6; 
Livingston and Hawkins, 9) consisted of a cylindrical porous- 
porcelain cup, which was usually placed in an upright position 
in the mass of soil to be watered. This type was subject to 
difficulties, however, since the soil mass in which the irrigator 
was ‘planted’ sometimes lost its capillary contact with parts 
of the outer surface of the porous-porcelain wall, and success- 
ful operation requires that the porcelain-soil inter-face must 
be maintained, in order that the hydrostatic pressures existent 
in the water films of the soil mass may be quickly transferred 


1 Published with the approval of the Director of the Ohio Agricultural 
Experiment Station. 
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to those in the porous wall. A distinct improvement was intro- 
duced when the porous-porcelain cylinder was replaced by a 
cone of like material. When cones are used, capillary contact 
with the soil is maintained by gravity action, for the soil mass 


tends always to settle against the conical surface, and the 
contact between porcelain and soil should improve as time 
goes on. 
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Fig. 1. Sketch showing details of a double-walled pot for the auto- 
irrigation of plants. This arrangement provides for the accurate determina- 
tion of increments of water loss and the use of mercury barostats of widely 
varying heights. 


Auto-irrigator cones operate best when placed centrally 
in the pot of soil, thus occupying the position in which it is 
usually desirable to place the plant. Both cone and plant cannot 
occupy a central position in the soil mass, but when two or 
more plants are placed in the same container they may be 
arranged around the centrally placed cone. The cone itself 
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occupies a considerable volume and the container consequently 
holds less soil when a cone is used. For these reasons it would 
be desirable to arrange an auto-irrigator so that the entire 
volume of the container would be available for soil. This has 
been accomplished by constructing a double-walled pot, con- 
sisting of two separate pots fastened together, either before or 
after firing, in such a manner that the seal is air tight. The 
inner pot resembles those ordinarily used for plants except 
that it is freely porous to water but not to air. The outer pot, 
which is somewhat larger than the inner one to provide for 
a water space between the two, is porous to neither air nor 
water. Arranging the pots in this way amounts simply to 
turning the cone type of irrigator inside out, as it were, placing 
the soil on the inside and the water on the outside. The result 
is shown, diagrammatically, in figure 1. 

The inner wall, against which the soil rests and from which 
it draws water, consists of a porous pottery material much like 
that of an ordinary flower pot. The outer wall is also of pottery 
but it is waterproofed, the waterproofing extending over the 
rim and down on the inner wall to a line (X), the level to 
which the pot is to be filled with soil. This double-walled pot 
is made in two parts, the inner pot (A) having a rim or flange 
by which it is attached to the outer pot (B) at (Y). The two 
parts may be fastened together before firing or they may be 
kept separate in the kiln and subsequently cemented together 
if preferred, the process of manufacture being thus simplified. 
The double hatched part of the diagram represents the water- 
proofed portion of the inner pot. 

In operation, the space between the two walls is filled with 
water and the inner wall is thus kept saturated. The soil rests 
against the slightly conical surface of the inner wall and good 
capillary connection is accordingly maintained by gravity. 
The whole cavity of this type of irrigator is available for soil 
and the roots of plants, and a single plant may be placed 
centrally in the pot. The water-supplying surface is much 
larger than when an irrigator cone is employed; for a 6-inch 
pot the porous inner wall has a surface of about 625 sq. cm., 
while the porous area of an irrigator cone (usually used singly 
in 6-inch pots of the common type or in a sheet-metal cylinder 
of about the same size) is only about 170 sq. cm. This larger 
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water-supplying surface of the new irrigator is a distinct ad- 
vantage. Also, the new type may be employed in smaller sizes 
than could be used with the 3-inch cone irrigators. It has been 
tested in the 5-inch and 6-inch sizes and the pots might prob- 
ably be even larger than the latter size without danger that 
the moisture condition of the interior of the soil mass might 
not be satisfactorily maintained. 

The principles of operation are the same as when an irrigator 
cone is employed. There are two vertical, cylindrical perfora- 
tions (about 18 mm. in diameter) through the rim where the 
inner and outer walls of the double-walled pot join, these 
being on opposite sides of the pot. Rubber stoppers, each 
bearing a tube, are inserted in these perforations. One of these 
tubes (C) is provided with a stopcock and is used for the 
removal of air by suction when the pot is filled with water 
through (D) at the time the irrigator is started. The tube (D) 
connects with the water reservoir (/7). These two tubes cor- 
respond to the two tubes ordinarily attached to the cone types 
of irrigator by a 2-hole stopper. When the apparatus is installed 
suction is applied at tube (C), with the cock open, until air 
ceases to emerge. Then, the cock is closed. The hydrostatic 
pressure causing water movement from the reservoir to the 
space between the pot walls is regulated by the mercury 
barostat (£), inserted in the supply tube. As water is removed 
from the soil mass by evaporation from its surface or by plant 
absorption, it is replaced by capillary movement into the soil 
from the saturated porous wall of the inner part of the pot. 
The water content of this wall is maintained by a requisite 
movement of water from the reservoir. Water movement past 
the mercury column of the barostat is usually made evident by 
small bubbles, as (F), that rise from time to time. When move- 
ment is very slow the bubbles may not appear. A barostat of 
this general form has been used in earlier porous porcelain types 
of auto-irrigators (Livingston, 8). The height of the mercury 
column must be adjusted to the type of soil used; in ordinary 
practice it should be only 2 to 5 cm. for sandy soils, and 5 to 
15 cm. for clay soils. 

The increments of water loss from the outer reservoir are 
ascertained by refilling the bottle to a mark on its neck (G) 
from time to time, record being made of the volume of water 
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added in each instance, as is done in operating irrigator cones, 
atmometers, etc. If increments of water loss from the pot are 
required, the whole apparatus may be weighed at intervals, 
or the weighings may be made with the pot on a balance and 
the reservoir otherwise supported near it, the barostat tube 
being free to move in the neck of the bottle. Also, the barostat 
may be connected to a tube in the reservoir by a piece of 
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Fig. 2. A modified form of the pot shown in figure 1 in which a third pot 
supporting the others is used as a water reservoir. A special form of valve 
barostat is used here, the assembly being compact and easily movable. 


flexible rubber tubing as was done in some of the experiments 
of Livingston and Hawkins (9). When it is desirable, the soil 
surface may be sealed to prevent evaporation. 

The design of the irrigator shown in figure 1 was modified 
slightly for use in those cases where it is neither necessary to 
measure the amount of water used at definite intervals nor to 
use mercury barostats of extreme heights. This modified form 
is shown in figure 2. 
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It will be noticed that one of the holes formerly placed in 
the upper flange is now located in the base of the outer pot. 
A third pot of non-porous material serves as the outer water 
reservoir and also as a support for the double-walled irrigator 
pot. The inner reservoir is connected to the water-holding 
space of the lower pot by means of a specially designed baro- 
stat, as shown in the illustration. The height of the mercury 
column which may be used in this case is limited by the depth 
of the supporting pot. The ones first designed allowed for a 
barostat 8 cm. in height. This is sufficient to maintain all but 
the heavier soils at a water content low enough to be optimum 
for plant growth. An irrigator of this design is more compact 
and, in case the pots have to be moved about frequently, it 
eliminates the objection due to the semi-detached and some- 
what unwieldy character of the outer reservoir used in the type 
shown in figure 1. However, it does not provide for an accurate 
means of measuring water losses at short intervals or for main- 
taining a series of pots having barostats of widely varying 
heights. 

TESTS WITH THE IRRIGATORS 

A variety of preliminary tests have been made to study the 
practicability of these new irrigators, and the results are given 
briefly in the following paragraphs. 

Test 1. Two 6-inch auto-irrigator pots equipped with 5-cm. 
mercury columns and filled, one with muck and one with loam 
soil, unsealed and without plants, together with a standard, 
5-cm. collodion-coated black atmometer (Livingston, 7; 
Livingston and Wilson, 11) placed nearby, were operated in 
a greenhouse for a number of weeks. Increments of water loss 
from each of the three reservoirs were determined at 5-day 
intervals and later reduced to losses in milligrams of water per 
square centimeter of surface area for each of the soils and the 
atmometer. Of course, it is understood that the spherical bulb 
of the atmometer and the circular, plane soil surface, the latter 
depressed slightly below the pot rim, were not affected alike by 
the environmental conditions influencing evaporation rates. 
The atmometer was used only to make a summation of the 
effect of the environmental influences affecting the evaporation 
rate, the results being useful in evaluating the varying losses 
from the two soils. The muck soil in this test consistently lost 
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more water per unit of surface than did the clay. Its black 
color gave it a greater absorptive capacity for heat than the 
clay possessed and its water content was somewhat higher 
than that of the latter, since both obtained their water past 
mercury columns 5-cm. in height. Each of these differences 
would favor a greater water loss from the muck. The atmometer 
lost water faster per unit of area than either of the soils. This 
was probably due, in part, to its very black color and thus high 
heat absorption, and, in part, to its more perfect exposure to 
conditions influencing the evaporation rate. The average for 
the four highest and also for the four lowest losses for 5-day 
intervals from each instrument are given in table 1. 


TABLE 1 


Losses in milligrams of water per square centimeter of exposed 
surface for 5-day intervals from a blackened 
atmometer, a muck, and a loam soil 





ATMOMETER MUCK LOAM 
mg. me. meg. 
Average of four highest values 375 312 276 


Average of four lowest values 302 264 239 


The losses from the three instruments for consecutive 5-day 
intervals paralleled each other very closely and maxima and 
minima occurred for the same intervals in each case. This 
indicates that the irrigators were able to maintain nearly 
constant soil moisture contents throughout the period of the 
test. If they have the ability to do this they should prove to 
be useful instruments for studying the relative rates of water 
loss by evaporation from the surfaces of different types of soil 
and through different surface mulches. 

Test 2. In a comparison between irrigator losses and 
evaporation, measured by refilling the reservoirs to a mark on 
the neck each day, as was done in the preceding paragraphs, 
it is usually necessary to consider the lag that occurs between 
the time water is lost from the pot and the time it is taken up 
from the reservoir. To do this the pot and plant were mounted 
on a balance and the reservoir placed on the table beside it. 
A glass tube connected the pot with the water in the reservoir 
bottle, the tube being free to move in the neck of the bottle 
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without friction against the sides as the balance moved up and 
down. A blackened, spherical atmometer was placed on the 
same table near the balance. The pot was weighed and the 
reservoirs of the irrigator and atmometer were filled twice each 
day, at eight in the morning and four in the afternoon, for ten 
successive days. The results are shown in table 2. 


TABLE 2 


Mean daily water losses from irrigator pot, irrigator reservoir, and 
atmometer reservoir, determined at 8 a.m. and 4 p.m. each 
day for 10 days 


MEAN DAILY WATER LOSSES 


PART OF APPARATUS 4pM.TOSAM 8AM. TO4 P.M 
c cc 
Reservoir 38.3 18.5 
Pot 19.4 40.0 
Atmometer 12.6 26.5 


The lag operated in this experiment in such a way as to 
make the rate of water loss from the pot two to three times 
as great as the loss from the reservoir for a few hours in the 
morning (when the evaporating power of the air was increasing), 
while in late afternoon and night the reservoir lost water most 
rapidly. The pot lost water about four times as rapidly during 
the day period used as during the night period, while the rate 
of loss from the reservoir continued at a rather constant rate 
throughout the 24-hour period, being but little different for 
the day and night periods when hourly averages are computed. 
This would indicate a rather constant hydrostatic pressure at 
the pot wall at all times, regardless of the rate of loss from the 
soil. The pot lost water at a rate that varied in a way cor- 
responding to the losses from the blackened atmometer as 
would be expected. 


In this experiment, if the variation in soil moisture content 
were calculated on the basis of dry soil weight, the variation 
in the water content of the auto-irrigated soil would be about 
1.2 to 2 per cent, while, if the pot were watered once each day, 
the variation would be 5 to 7 per cent. These variations would 
be greater for large plants than small ones by either method. 
Whether the water losses are determined by weighing or re- 
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filling the reservoir, they should be made at the same time 
each day to get comparable results. This test serves to em- 
phasize the fact that only the mean water contents of an 
auto-irrigated soil are maintained and not the absolute content. 
It also indicates, however, that watering by this method results 
in a much narrower range of variation than the method of 
bringing the pot weight back to the same value each day. Thus, 
when water losses are determined by reservoir readings for 
5-day intervals, as was done in some of the tests reported in 
this paper, the daily rates are very little modified by possible 
errors due to the lag between pot and reservoir. In the case 
of the atmometer there is no appreciable lag (it occupies, at 
most, but a very few minutes even under the most rapid altera- 
tions of the evaporating power of the air) and it is quite safe 
always to consider reservoir loss as equal, increment by incre- 
ment, to the corresponding loss from the atmometer sphere 
itself. 

Test 3. Muck soil inoculated with the organism causing 
club-root of cabbage (Plasmodiophora Brassicae Wor.) was 
placed in four pairs of irrigator pots, each pair with a different 
barostat resistance, but the two pots of each pair alike; and 
cabbage plants were grown in the pots from February 6 to 
April 24, in the greenhouse. The four barostat resistances were 
2cm., 10 cm., 20 cm., and 30cm. of mercury. The atmometer 
loss was nearly uniform throughout the period of this test, 
being about 100 cc. for each 6-day interval. 

The plants with 10-cm., 20-cm., and 30-cm. columns all 
grew about alike and appeared healthy throughout the period. 
Those drawing their water against a barostat resistance of only 
2 cm. of mercury grew more rapidly at first and possessed a 
healthy, vigorous appearance, being of a darker blue-green 
color than their companion plants, whose leaves were of a more 
yellowish green. After about two months these most freely 
watered plants began to show wilting on dry days and their 
irrigator losses became less than before. At the end of the 
experiment they were found to be infected with club-root, 
while there was no evidence of infection in the plants grown 
in drier soils. The wettest soils (with mercury columns only 
2 cm. high, in which infection occurred) had a water content 
of about 50 per cent, on the basis of dry weight, and those 
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with the 10 cm. columns (in which no infection appeared) had 
a corresponding water content of only 18 per cent. It, con- 
sequently, appears that under the conditions of this experiment 
the critical moisture-content limit for infection, for the muck 
soil used, must have been between these two water-content 
values. With other lengths of barostat columns, between 2 cm. 
and 10cm., the limits might have been defined more precisely. 
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Fig. 3. Graphs showing the water losses for successive 6-day intervals 
from tomato plants in irrigator pots equipped with three different barostat 
heights and from a black, spherical atmometer. The losses corresponding 
to barostat heights of 5, 15 and 25 cm. are represented by the full, dot-dash, 
and dotted lines respectively. The atmometer losses are represented by the 
dash line. 


This observation that cabbage is more susceptible to in- 
fection by the club-root fungus when the soil is wetter than 
when it is dryer than optimum, has been recorded in the litera- 
ture several times (as by Chupp (1) and by Monteith (12) 
and others), and the result of the test here briefly described 
suggests that the auto-irrigator pot may be a valuable device 
for the study of such ecological relations. 
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Test 4. Three sets of 6-inch auto-irrigator pots, two in 
each set, all with the same loam soil, unsealed, and each with 
a tomato plant, but the sets with different mercury barostats, 
were operated in a greenhouse, together with a standard 5-cm. 
collodion-blackened, spherical atmometer. For one pair of 
pots the barostat columns were each 5 cm. high, for a second 
pair their height was 15 cm. and the third pair drew their 
water past columns of 24 cm. The increments of water loss 
were ascertained for 6-day intervals and each pair of cor- 
responding values were averaged to give a single value for each 
interval for each pair of pots. The three resulting series of 
values for the pots and the single series for the blackened 
atmometer sphere were plotted and the four graphs thus 
obtained are shown in figure 3, each value being expressed 
in cubic decimeters. 

Fluctuations in the rates of water loss, such as follow 
weather changes, are rather thoroughly smoothed out and ob- 
literated by the use of the 6-day interval, and there is thus little 
correlation between the atmometer graph and those represent- 
ing the irrigator losses. The latter all show an ascent to a 
maximum value and then a gradual descent. These changes 
were clearly not related to changes in the evaporation conditions 
of the greenhouse, as indicated by the atmometer graph. The 
steady increase in the size of the young plants and the cor- 
responding additions to the areas of their leaf surfaces account 
for the ascending portions of the irrigator graphs. The exact 
causes for the decreasing values are less evident, but began 
about the time the plants flowered. Some of the lower leaves 
began to yellow at this time also, and the plants showed a 
slight drooping of the leaves on days of high evaporation. The 
latter fact would indicate that the pots were not supplying 
water at a rate equivalent to the demand set up by the large, 
succulent plants. It should be emphasized at this point that 
an irrigator of any size or type can deliver water only ata 
definite maximum rate corresponding mainly to the area of its 
porous surface and the conditions under which it is operated, 
such as height of mercury barostat, etc., and when a plant 
depending on the irrigator for its water has reached such a size 
that its needs are in excess of this delivery maximum, the plant 
will suffer from drought. Also the small mass of soil was possibly 
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not sufficient to supply nutrients at the necessary rate and this 
resulted in physiological changes within the plant which caused 
its water use to fall off. 

The values for the 6-day increments showed pronounced 
and consistent differences according to the heights of the 
mercury column in the irrigator barostat. The ordinates of 
these three irrigator graphs doubtless represent approximately 
the transpiration rates of the corresponding plants, and also 
their vigor. The soil supplied with water against the lowest 
barostat pressure was clearly the wettest, and the plants in 
soils with that pressure (5 cm. of mercury) were the most 
vigorous and thrifty, indicating that the soil moisture content 
here was more nearly optimum than in those pots equipped 
with 15 cm. columns. The driest soil and the least vigorous 
plants correspond to the highest barostat pressure (25 cm. of 
mercury). 

Test 5. A series of seven irrigator pots, filled with silt loam, 
were equipped with mercury barostats varying in height by 
4-cm. intervals from 4 to 24 cm. The seventh pot in the series 
was watered with no resistance between the outer and inner 
reservoirs. This was done by arranging the outer reservoir 
so that its upper water level just corresponded with that of the 
bottom of the soil mass in the inner pot. Soy beans were planted 
in the pots and after the seedlings were well above the soil 
surface one good one was allowed to remain in each pot. The 
late fall and early winter season during which these plants were 
grown was found to be unfavorable to them and, consequently, 
the results were not all that was hoped for. However, there 
was a marked decrease in the rate of water use (loss from outer 
water reservoirs) from the wet to the dry end of the series, 
from 0 to 24 cm. of mercury column. A complete set of the 
data obtained is not given here, but in tabie 3 there are pre- 
sented only the average daily losses for two 30-day periods 
(including losses from soil surface and plant leaves) for the 
pots equipped with barostat heights of 0, 12, and 24 cm. 

The plants in the wet end of the series grew best, the one 
obtaining water against no mercury resistance being the largest 
in this test. Only one plant intermediate in the series was 
smaller than the one in the pot with the 24-cm. column. The 
reason for this break in the series was not determined. The 
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general appearance of the plants was also somewhat different 
in the wet and dry soils. The former were taller, had longer 
stem internodes and leaf petioles, and fewer axillary branches 
than the latter. The leaf number and size was much the same 
throughout the series, but the plants on the dry end blossomed 
and bore fruit more profusely than those with more available 
soil moisture. Some of the influences of different, maintained 
soil moisture contents on plant growth are shown in this test, 
and the irrigator pot appears to be an efficient instrument 
for providing such controlled moisture conditions. 

Test 6. To compare the efficiency of the cone and pot types 
of irrigators, tomato plants were grown in soil watered by each 


TABLE 3 


Average daily water losses during two 30-day intervals from piants 
and soil in irrigator pots equipped with barostats of 0, 12 and 
24 cm. in height 





| 
BAROSTAT HEIGHT IN CENTIMETERS 


INTERVAL ae ea ae ee a 
0 | 12 24 
cc. | ce. ce. 
First 68 43 32 
Second 95 67 49 


instrument. Loam soil was placed in 6-inch irrigator pots 
and in 1-gallon tinned-metal cylinders, irrigator cones being 
‘planted’ in the center of each of the latter. Mercury barostats 
25 cm. in height were used in each arrangement. The water 
losses from soil and plant combined were determined at 3-day 
intervals over a period of two months for each type of irrigator. 
The results are not shown in detail, but when the average 
daily losses for three periods of 21 days each, covering most 
of the growth period of the tomato plants, were compared for 
each type of instrument, it was found that the losses from the 
pot type of irrigator were greater in every instance, but the 
plants watered by the cone nearly equaled the others in growth. 
The irrigator-pot was found to be somewhat easier to set up and 
operate than the cone, and may be considered an equal if not 
superior instrument tc the latter for irrigating plants over long 
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periods, because of the greater area of porous surface it pro- 
vides for a given soil volume. 

The experiments reported in the preceding paragraphs seem 
to indicate clearly that this new auto-irrigator pot has promise 
as a research tool in physiological, ecological, agricultural, and 
even pathological experimentation with plants where the 
maintenance of a fairly constant water-supplying power of the 
soil is desired. 

The author wishes to acknowledge his indebtedness to 
Professor Arthur S. Watts, of the Ceramics Department of the 
Ohio State University, through whose courtesy these new pots 
were manufactured, and to Professor B. E. Livingston, of the 
Johns Hopkins University, for his criticisms of the manuscript. 


SUMMARY 


In growing plants for experimental purposes it is frequently 
desirable to regulate the soil moisture content more closely 
than can be done by the ordinary method of adding water at 
one- or two-day intervals. This has been done by the use of 
two pots, one placed inside the other and the two fastened 
together by means of a flanged rim on the inner one. The 
inner one is porous to water but not to air, and the outer one 
is porous to neither. The inner pot is enough smaller than the 
outer to provide for a water reservoir between the two. 

This pot type of irrigator permits the placing of a plant 
in a central position in the soil mass in which it is to be grown, 
and provides a much larger area of porous wall in proportion 
to the volume of soil to be irrigated than is the case with the 
older types of auto-irrigators. Otherwise, the principles of 
operation are similar for the various types. 

Several tests to determine the usefulness and practicability 
of this new type of irrigator have been made. These include 
the following studies: one on the comparative losses of water 


by evaporation from different soil types and a_ blackened 
atmometer; the time lag occurring between the loss of water 
from a pot and its absorption from the outside reservoir; 
another on the possibility of maintaining such soil-moisture 
contents that infection of cabbage by club-root will or will not 
occur; a third on the variations in the amount of water used 
when tomato plants obtain their water past mercury barostats 
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of 


different heights, and a similar experiment for soy beans, with 


notes on growth characteristics of the plants; and finally, a 
comparison between the pot and cone types of irrigators to 
determine their relative efficiency as irrigators. 
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Development of the integument and germination of the seed of 
Eleusine indica 


MARGARET P. CUMMINS 


(WITH SEVEN TEXT FIGURES) 


Eleusine indica Gaertner is one of the few grasses in which 
the integument develops as a hard seed coat while the pericarp 
remains as a thin, loose layer. Because of this, a detailed study 
of the development and fate of the integuments has been made. 
Since the seeds were found not to germinate under ordinary 
conditions, the effect of the seed coat on imbibition was also 
studied. 

The nature and development of the integuments has 
been studied in Poa pratensis and Poa compressa by Miss 
Andersen (1), in Holcus halepensis by Harrington (8), in Zea 
mays, Triticum vulgare, and Avena sativa by True (13), in 
barley by Brenchley (2), in Zea mays by Weatherwax (15) 
and Guignard (7), in Poa annua by Golinski (6), and in Tri- 
ticum vulgare by Jensen (10). In most of these the integuments 
disappear or are crushed beyond recognition before maturity 
of the seed; but in Poa (1) and Holcus (8) at least one of the 
integuments persists and forms an important part of the cover- 
ing of the mature seed. The writer has found in the literature 
no reference to the development of the integument or to 
germination in Eleusine. 

Material used in this study was collected at Bloomington, 
Indiana, in the summer and fall of 1927. This species is abun- 
dant in this locality in alleys, gardens, and waste ground. 

The ovaries containing immature seeds were imbedded in 
paraffin and sectioned with the microtome. The mature seeds, 
which were too hard to be treated in this way, were attached 
to blocks of wood with glue and cut freehand under the 
binocular microscope. 

The ovary of Eleusine is typical of the grasses. The wall 
is of irregular thickness, the thicker part being at the top. 
It consists of an outer epidermis and four or five rows of par- 
enchyma cells (fig. 1). The ovule is attached to the side of 
the ovarian cavity with the micropyle turned toward the 
bottom. 
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Just before fertilization, when the embryo-sac is mature, 
both integuments surround the nucellus completely. Although 
in most grasses the edge of the outer integument is caught in 
the stylar canal (Weatherwax, 15, fig. 2; Golinski, 6, pl. 2, 
fig. 18 ; Guignard, 7, p. 43-44), in Eleusine it continues down al- 
most as far as the inner integument and forms only a protuber- 
ance in the canal (fig. 2). 

Each integument is composed of two layers of cells except 
near the micropyle, where there are sometimes three layers. 
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Fig. 1. Young ovary. Fig. 2. Ovary just before fertilization with both 
integuments surrounding the nucellus. P, pericarp; O, outer integument; J, 
inner integument; N, nucellar tissue; /, micropyle; E, embryo sac 


Long before fertilization the cells of the inner row of the inner 
integument are larger and stain more densely than the others 
(fig. 3). A radial lengthening of these cells is seen, especially 
at the chalazal end. 

At the time of the four-nucleated stage of the germination 
of the megaspore the outer integument and pericarp are still 
present. Soon the outer integument begins to degenerate 
(fig. 4) and the pericarp shows signs of collapse. When the 
seed is nearly mature, the outer integument is gone, with the 
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pericarp persisting only as a thin layer, and the nucellus has 
been absorbed (fig. 5). 

Mature seeds have a dark brown covering, two cells thick, 
formed from the inner integument. The pericarp is present only 
as a fibrous layer. The inner cells of the inner integument are 
rectangular in shape, with thick, hard walls. The outside cells 
have rounded walls, their outer walls being very much curved 
and thus forming the ridges seen on the seeds (fig. 6). 

Seeds were gathered in October and kept in a warm, dry 
room in paper envelopes. An attempt to grow seedlings in the 
greenhouse in the winter was unsuccessful because the seeds 





Fig. 3. Section of the outer and inner integuments, from an ovary of 
the same age as the one in fig. 2, showing the radial lengthening of the cells 
and darkening of the walls of the inner row of celis of the inner integument. 

Fig. 7. Section through the seed coat with deposits of suberin or cutin 
shown by staining. C, cutin or suberin; symbols otherwise as in figs. 1, 2. 


would not germinate. It was suspected that their failure to 
germinate was correlated with the character of the seed coat. 
Accordingly experiments on germination and microchemical 
tests of the seed coat were made. 

In the experiments on germination certain methods and de- 
vices suggested by Crocker (3 & 4) were used. Dr. Eckerson’s 
manual (5) and Tunmann’s Microchemistry (14) were followed 
in making the chemical tests. Any tests depending upon color 
changes were difficult, because of the dark color of the seed 
coat, which resisted all attempts at bleaching. 
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In all the experiments on germination the seeds were placed 
on moist filter paper in crystallizing dishes. About thirty-five 
seeds were used in each lot treated, and the same number in a 
control in each case. The seeds used in the controls were 
gathered at the same time and kept as described before for 
the seeds used in the experiments, and therefore had not been 
affected by the forces of weathering. The experiments were 





Fig. 4. Disintegrating outer integument. Fig. 5. Almost mature seeds 
showing the absence of the outer integument and the very thin pericarp. 
P, pericarp; O, outer integument; J, inner integument; EF, endosperm. 


started October 17 and the last one was performed January 21. 
Forcing agents suggested by Crocker (4) were used first. 
Since some seeds will germinate after the seed coat has been 
scarified by some means, in the first experiment the seeds were 
rubbed between two pieces of fine sandpaper and placed in the 
germinating dish. In each of three lots so treated five or six 
seeds had germinated at the end of five days. One lot of seeds 
were mixed with sharp sand (about five hundred times as much 
sand as seeds), placed in a bottle, and shaken vigorously for 
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some time. Only one of these seeds germinated. Probably more 
would have germinated had the treatment been prolonged. 
Since germination has been brought about thus far by phy- 
sical changes, tests were made on the effects of freezing and 
thawing which seem to be of great significance in nature. Two 
different dishes were prepared. Each one was set outside on 
December 8. One was left outside a month. The other was 
brought inside three times during the month and placed near a 
radiator for two or three days. Thus it was subjected to great 
fluctuations in temperature,—from —22°C. to warm room 
temperature. The other seeds froze and thawed, but did not 
feel the great fluctuations in temperature. Both dishes were 





Fig. 6. Fruit and two views of the mature seed. Drawings made by Dr. 
Paul Weatherwax. X25. 


brought in and placed near the radiator at the end of the month. 
After four days six seeds had germinated in each dish. 

From previous experiments it seemed probable that the 
mechanical resistance of the seed coat might be such that the 
pressure of the expanding embryo could not rupture it without 
aid. Hence to test the mechanical resistance and to modify the 
colloids of the seed coat, the seeds were immersed in boiling 
water for one minute and then put to germinate. No results 
were obtained, either because the seeds were not in the water 
long enough or the temperature of the water killed the embryos. 

Soil as a substratum frequently forces the germination of 
dormant seeds. Soil may contain a number of reagents which 
play a part, each acting upon the seed coat or upon living 
structures. Accordingly some seeds were placed on soil. At the 
end of a week one seed had germinated. 
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Seeds were immersed in an oxidizing agent, commercial 
hydrogen peroxide, and left for one-half day before being put to 
germinate. Not one germinated. Some other seeds were im- 
mersed in alcohol and left one-half hour before being put to 
germinate. None of these germinated. One lot of seeds were 
immersed in ether for ten minutes and another lot for forty 
minutes. After twenty days two seeds from the latter lot had 
germinated. 

Near the middle of January some soil was taken from the 
place where Eleusine had grown the year before, and was kept 
moist in the greenhouse. In a week many seedlings appeared. 

Seeds used in the controls carried on with these experiments 
gave uniformly negative results except in one case,where a single 
seed germinated. The fact that the seeds germinated.from the 
very first if scarified showed that time for after-ripening was 
not necessary. Germination was delayed because of the nature 
of the seed coat. The need seemed to be for certain physical 
conditions rather than chemical stimuli. 

Since the seed coats were found to be so hard that germina- 
tion was impossible unless the seed coats were modified in some 
way, microchemical tests were made on the seed coat. The main 
parts of the seed coat seemed to be cellulose and suberin or cutin. 
Both Sudan III and a Scarlet R showed cutin or suberin 
present on the inner and outer surfaces of the integument 
and epidermis of the pericarp. In using either of these 
stains a drop of the solution was placed on the slide and after 
twenty minutes washed with 50 per cent alcohol (Eckerson, 5). 
The sections were then observed in glycerine. In using these 
stains, both the inner and outer surfaces of the integument and 
the epidermis stained red. The band of red on the inner surface 
of the integument was much thicker than that of the outer 
(fig. 7). A little red appeared in the cross walls which gave the 
appearance of suberin or some fatty substance. A chlorophyll 
solution (Harrington, 9) showed a tinge of green on the outer 
walls of the cells of the seed coat. This test was not satisfactory 
because the depth of the green could not be determined on 
account of the dark color of the seeds, but it seemed to indicate 
the presence of cutin or suberin in the outer walls. A solution 
of iodine (Strasburger & Hillhouse, 12) gave a starch reaction 
in almost all the pericarp. The degenerating outer integument 
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turned reddish brown, indicating a partial hydrolysis of the 
original cellulose. When an Eleusine slide was treated with 
iodine, washed well with distilled water, and 75 per cent 
sulphuric acid was added, the radial walls of the integument, 
the placenta, and a small part of the pericarp gave a cellulose 
reaction, turning blue or partly dissolving (Eckerson, 5). 
Immersing the seeds in concentrated sulphuric acid for six days 
caused the seed coats to become soft and brittle. On account 
of the black color added to the original dark color by these 
reagents it was impossible to tell what parts of the seed coat 
had been dissolved. 


SUMMARY 


In Eleusine the edge of the outer integument is not caught 
in the stylar canal as it is in most grasses. The integument 
continues on down to the micropyle and forms only a protuber- 
ance in the canal. 

At the time of the four-nucleated embryo-sac the outer 
integument shows signs of absorption, giving the dextrin reac- 
tion, and at maturity it has been absorbed. 

The inner integument completely surrounds the nucellus 
when the embryo-sac is mature. It consists of two layers of 
cells. The inner and outer surfaces of the integument are 
cutinized or suberized. The inner of these layers is much 
thicker. The cross walls are mainly cellulose. 

The inner integument develops into a hard, grooved seed 
coat with the pericarp persisting only as a broken layer. 

Seeds of Eleusine will not germinate until after the seed 
coat has been modified in some way. Failure to germinate 
apparently is not due to immaturity of the embryo. Freezing 
and thawing are natural forcing agents. Repeated fluctuations 
in temperature are not necessary. Scarifying the seed coat by 
different means gives good results in germination. 

I take opportunity here to express my obligations to Dr. 
Paul Weatherwax for the suggestion of this problem and for 
assistance and criticism in connection with this study. 

INDIANA UNIVERSITY, 

BLOOMINGTON, INDIANA 
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New plants from Nevada 
Puitie A. Munz 


During the past four seasons Mr. Edmund C. Jaeger of 
the Junior College at Riverside, California has made profit- 
able trips to the Charleston Mountains in extreme southern 
Nevada. Among the very interesting plants that he and others 
have recently obtained in this isolated mountain range, the 
following species have been carefully studied and found 
worthy of description. 

In this connection I wish to acknowledge my indebtedness 
to Dr. Ivan M. Johnston of the Gray Herbarium for kindly 
comparing these plants with material there, and to Dr. E. B. 
Copeland of the University of California Herbarium for loan 
of a collection of Epilobium nivium Brandegee, namely one 
from St. Johns Peak, Lake Co., California, by W. W. Mackie 
in 1902, and for comparison of this loan with the type collec- 
tion. 


Lesquerella Hitchcockii Munz, n. sp. Perennial, silvery 
stellate throughout, stellae small with rays numerous and ir- 
regularly coherent; caudex much branched; stems ascending, 
1-4 cm. long, unbranched; radical leaves varying from ob- 
long or oblanceolate and with entire blades 5-8 mm. long, 
ca. 2 mm. wide, obtuse, and narrowed into slender petioles of 
same length, to broadly ovate or oblong, with blades 4-5 mm. 
long, 3-4 mm. wide, on somewhat shorter petioles; cauline 
leaves reduced, few, narrower; flowering stems 1—1.5 cm. long; 
subscapose, with terminal few-flowered corymbs; sepals 4-5 mm. 
long ; petals pale yellow, linear-spatulate, 5-7 mm. long; filaments 
linear; fruiting stems 2—4 cm. long; fruits 3-8 in subcorymbose 
terminal cluster; pedicels stellate, ascending, not usually mark- 
edly sigmoid, 3.5-5. mm. long; capsules subglobose, not no- 
ticeably compressed, substipitate, reddish, glabrous,-3—4 mm. 
long, with entire septum; ovules 2—4 in each cell; styles fili- 
form, reddish, 4.5-5 mm. long; seeds ca. 2 mm. long, brown, 
not winged. 

Planta perennis, argenteo-stellata; foliis oblanceolatis aut 
ovato-oblongis, laminis 4-6 (8) mm. longis, 2-4 mm. latis; 
caulibus cum capsulis subscaposis, 2-4 cm. longis; floribus 
paucis, subluteis, corymbosis; capsulis subglobosis, glabris, 
subrubris, substipitatis, 3-4 mm. longis; stylis 4.5-5 mm. 
longis; seminibus non alatis, ca. 2 mm. longis. 
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Type, fruiting plants from high exposed ridges in the 
Charleston Mountains of Nevada, at 10,500 ft. alt., collected 
by E. C. Jaeger and C. L. Hitchcock, Sept. 1, 1927 (Pomona 
College Herbarium No. 45092). An earlier collection in flower, 
same region, E. C. Jaeger, June 26, 1926 (Pomona). In the 
herbarium at Pomona College are two sheets from southern 
Utah with the smooth reddish fruits of the proposed species. 
One from Marysvale, M. E. Jones 5404, has styles of same 
general length and rather narrower leaves. The second from 
Panguitch, Jones on July 18, 1920, has styles only 3 mm. or 
less long and narrow leaves. Both these plants are rather 
small and depauperate specimens, scarcely or not at all scapose, 
yet with the fruit of L. Hitchcockii. They differ from all other 
sheets I have seen from Utah, and indicate the need of more 
material from that region. 

I take pleasure in naming this species for Mr. Charles Leo 
Hitchcock, one of my students, from whom more will be heard 
in Botany. The smooth fruits and low habit separate this 
species from others of the region. 


Draba Jaegeri Munz & Johnston, n. sp. Caespitose peren- 
nial; caudex often much and loosely branched; leaves more 
or less tufted, narrowly obovate, acutish to obtuse, 4-6 mm. 
long, 3-4 mm. wide, thickened and with indistinct midvein, 
pubescence rather loosely stellate, marginal cilia evident, 
leaves grayish but not silvery; scapes slender, pubescent, 2—5 
cm. long; flowers showy, in a dense corymbose raceme 1-—1.5 
cm. long; sepals pubescent, purplish, hyaline margined, 2.5 
mm. long; petals white, 5-6 mm. long; fruiting inflorescence 
not elongated; pedicels 4-6 mm. long; capsules flattened, 
densely stellate-pubescent, 4-6 mm. long, 3-4 mm. broad; 
styles filiform, 3-4 mm. long, dark; seeds brown, 1 mm. long, 
not winged. 

Planta perennis, caespitosa; foliis cristatis, anguste obo- 
vatis, stellato-pilosis, ciliosis, 4-6 mm. longis, 3-4 mm. latis; 
scapis tenuibus, pubescentibus, 2-5 cm. longis; floribus spec- 
tabilibus; sepalis subpurpureis, pubescentibus; petalis albis, 
5-6 mm. longis; pedicellis 4-6 mm. longis; capsulis compla- 
natis, stellato-pubescentibus, 3-4 mm. latis; stylis 3-4 mm. 
Jongis; seminibus non alatis, 1 mm. longis. 


Type, from Charleston Mts., in rock crevices at 11,000 ft. 
alt., E. C. Jaeger, June 26, 1926 (Pomona College Herbarium 
No. 44,771). A second collection from 10,000 ft. alt. by EZ. C. 
Jaeger was taken the same day (Pomona). 
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In Payson’s key to the perennial scapose Drabas of North 
America (Amer. Jour. Bot. 4: 256. 1917) this species would be 
near to Payson’s vestita (correct name, D. Paysonit Macbr.), 
but has leaves too wide. It might run also to his D. Mulfordae, 
from Idaho, but again the leaves are about twice as wide as 
in that species. The leaves and habit suggest D. uncinalis 
Rydberg, which is placed by Payson in the smooth-fruited 
species. He had not seen material for that species, but the 
co-type at Pomona College has ample pubescence on the fruits. 
The proposed species differs from D. uncinalis by its larger 
fruits and longer styles. In fact the very long styles set D. 
Jaegeri apart from all closely related species, exceeding 
even those of D. pterosperma, which differs by having winged 
seeds. 


Ivesia Jaegeri Munz & Johnston, n. sp. Green, perennial, 
villous and minutely glandular throughout, but not viscid; 
caudex woody, 2-3 cm. long, 7-8 mm. thick, crowned with 
persistent leaves and stems of previous years; stems several, 
slender, simple below, sparsely and openly branched above, 
spreading, ascending at tips, 2-15 cm. long; stipules 6-8 mm. 
long, the free portion 2-3 mm. long, lance-linear, entire; 
leaves pinnate, mostly basal; lower leaves with blades 1-5 
cm. long; petioles 0.5-4 cm. long; leaflets 3-7 pairs, but not 
usually opposite, not crowded, 3-7 mm. long, divided almost 
to base into 3 or 4 oblanceolate to narrowly obovate segments, 
not bristle tipped, but frequently with 2-3 longer hairs at tips; 
upper leaves reduced, with 1—5 entire or somewhat divided 
segments, subsessile; flowers in 2-5 flowered open cymes; pedicels 
filiform, 0.5-2 cm. long; hypanthium saucer-shaped, 3-4 mm. 
wide; bractlets lanceolate, 2 mm. long; sepals ovate, 3 mm. 
long; petals yellow, narrow, oblanceolate, 2 mm. long, scarcely 
clawed; stamens 20, filaments linear, ca. 2 mm. long, seated 
close to the styles; receptacle hairy; pistils ca. 9; styles fili- 
form, almost apical, ca. 2 mm. long; achenes brown, glabrous, 
scarcely 1 mm. long. 

Perennis, viridis, villosus, vix glandulosus; caulibus aliqui- 
bus, tenuibus, subdecumbentibus, 2-15 cm. longis, ex caudice 
ligneo; foliis pinnatis, 1-5 cm. longis, cum 3-7 paribus pin- 
narum; pinnis 3-7 mm. longis, partitis, oblanceolatis aut an- 
guste obovatis; floribus 2-5, in cymis laxis; hypanthio breve 
crateriformi, 3—4 mm. lato; sepalis ovatis, 3 mm. longis; petalis 
luteis, angustis, oblanceolatis, 2 mm. longis; staminibus 20; 
pistillis ca. 9; stylis linearibus, subapicalibus, 2 mm. longis; 
acheniis glabris, 1 mm. longis. 
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Type, Charleston Resort, Charleston Mts., July 3, 1927, 
Marcus E. Jones (Pomona College Herbarium No. 44, 277; 
isotypes at University of California, Gray Herbarium, and 
New York Botanical Garden). Known also from the following 
collections: limestone rocks, Charleston Mts., Jaeger, Sept. 
12, 1925 (Pomona); at 10,000 ft., Jaeger, June 20, 1927 (Po- 
mona); and Little Falls near Griffith’s Resort, Kyle Canyon, 
Charleston Mts., Jaeger, Sept. 1, 1927 (Pomona). The species 
first came to my attention through the 1925 collection by 
Mr. Jaeger, and it is a pleasure to name it in his honor. 

It is rather an interesting species in combining characters 
of Ivesia and Potentilla proper. Its general aspect is that of 
vesia Baileyi with foliage and habit like that species, but the 
number of stamens (20 instead of 5), the more filiform fila- 
ments, the position of the stamens near the pistils instead of 
being separated by an open space, and the rather subapical 
insertion of the style are more like Potentilla. The new species 
is less viscid-glandular than J. Baileyi or I. setosa. 


Epilobium nevadense Munz, n. sp. Low, suffruticose, 
caespitose, with freely branched woody caudex, these branches 
prostrate, dark brown, with freely exfoliating bark, and 2.5—3 
mm. thick, giving rise to many slender, erect, pubescent, 
mostly simple stems, which are straw-colored, often purplish- 
tinged, 12-25 cm. high, leafy throughout; leaves glabrate, 
glaucescent, denticulate, green or purplish, on short pubes- 
cent petioles and tipped with inconspicuous stout rigid gland; 
lowerleaf-blades oblong, obtuse, opposite, 8-15 mm. long, 2~3mm. 
wide, on petioles 2-3 mm. long; main cauline leaves alternate, 
somewhat narrower and more acute, gradually reduced up- 
ward, with fascicles of bract-like leaves in axils; leaves of in- 
florescence reduced to linear bracts 2-5 mm. long; flowers 
several on each stem, in loose racemes, sessile or on short 
glandular pedicel-like stems, each with small bract near base 
of glandular ovary; calyx tube glandular without, glabrous 
within, 2~3 mm. long, tinged reddish, tubular, slightly enlarged 
above ovary; calyx-lobes lanceolate, glandular, 3-5 mm. long, 
reddish, deflexed in anthesis; petals violet-purple, obcordate, 
6-7 mm. long; stamens with filaments not dilated, the longer 
ones ca. 3 mm. long, shorter ones ca. 1.5 mm. long; anthers 
apiculate, 0.5 mm. long; style glabrous, ca. 10 mm. long; 
stigmas ca. 1 mm. broad, squarish in outline, with 4 subtri- 
angular reflexed lobes; capsules subfusiform, glandular-pubes- 
cent, 8-12 mm. long, 1.5—-2 mm. thick; the few seeds develop- 
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ing near the center, seeds smooth, brown, ca. 1.5 mm. long; 
coma white, about 5 mm. long. 

Humilis, suffruticosa, caespitosa; ramis caudicis prostra- 
tis; caulibus tenuibus, erectis, pubescentibus, foliosis, 12-25 
cm. altis; foliis glabris, glaucescentibus, denticulatis, lin- 
earibus aut suboblongis, 8-15 mm. longis, 2-3 mm. latis; 
pedicellis glandulosis; floribus in racemis; hypanthio glandu- 
loso, 2-3 mm. longo, subpurpureo; lobis calycis lanceolatis, 
glandulosis, 3-5 mm. longis; petalis purpureis, obcordatis, 6-7 
mm. longis; staminibus 1.5 aut 3 mm. longis; stylis glabris, ca. 
10 mm. longis, stigmatibus quadrilobatis; capsulis subfusifor- 
mibus, 8-12 mm. longis, 1.5—-2 mm. crassis; seminibu’s paucis, 
fuscis, 1.5 mm. longis; coma alba. 


Type, from Cathedral Rock, Charleston Mts., Nevada, 
at 9200 ft. alt., Sept. 4, 1927, E. C. Jaeger (Pomona College 
Herbarium No. 152,780; isotypes at University of California 
and Gray). An earlier collection at 8000 ft. was made Sept. 
12, 1925, Jaeger (Pomona). This interesting species is very 
close to E. nivium Brandegee from Lake County, California. 
Both have the same general habit and stature; E. nevadense, 
however, has denticulate, glaucescent leaves rather than en- 
tire pubescent ones. The leaves are also narrower. E. neva- 
dense has the flowers more glandular, and of different propor- 
tion, the calyx-tube being about half as long as in E. nivium, 
although the flowers are near the same general size. The coma 
is white instead of ‘dingy’. The emphasis placed by Brandegee 
on the stout, rigid gland at the apex of the leaves seems rather 
unwarranted, since this same structure (at most rather incon- 
spicuous) occurs also in E. nevadense and E. paniculatum, to 
which annual species both E. nivium and E. nevadense are 
undoubtedly related. 


PoMONA COLLEGE, 
CLAREMONT, CALIFORNIA 
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The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 
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subscribers at the rate of three cents for each card. Selections of cards are 
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Adams, J. A bibliography of Canadian plant geography to the 
end of the year 1920. Trans. Roy. Canadian Inst. 16: 293- 
355. 1928. 

Adams, J. W. Potamogeton Vaseyi in southeastern Penn- 
sylvania. Bartonia 10: 28-29. 9 Ja 1929. 

Anderson, D. B. Some recent work on the structure of the 
plant cell wall. Ohio Jour. Sci. 28: 299-314. f. 1-3. ““N” 
15 D 1928. 

Armitage, E. Some Spanish bryophytes. Bryologist 31: 123- 
126. N 1928. 

Arnold, R. E. Resirepia antennifera. Orchid Rev. 36: 359. 
D 1928. 

Ashe, W. W. Notes on southeastern woody plants. Bull. 
Torrey Club 55: 463-466. “N’”’ 4 D 1928. 

Viburnum ozarkense and Quercus pygmea, spp. nov. and several new 
varieties and combinations are described. 

Atkinson, A., & Love, H. H. A biometrical analysis of the effect 
of environment on a pure line of oats. Jour. Am. Soc. 
Agron. 20: 1251-1291. f. 1-7. D 1928. 

Babcock, E. B. New species of Crepis from southern Asia. 
Univ. Calif. Publ. Bot. 14: 323-333. 3 D 1928. 

Describes ten new species. 

Baker, C. L., & Brown, H. D. Effect of sunshine and shape of 
fruit on the rate of ripening of tomato fruits. Plant 
Physiol. 3: 513-515. O 1928. 

Bartram, E. B. Additional Costa Rican mosses. Jour. Wash. 
Acad. Sci. 19: 11-27. f. 1-2. 4 Ja 1929. 

New species are described in Dicranum (1), Pseudosymblepharis (1), 
Leptodontium (1), and Stenodictyon (1). 
Bartram, E. B. Mosses of western Mexico collected by Mrs. 
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Ynes Mexia. Jour. Washington Acad. Sci. 18: 577-582. 
f. 1. 19 D 1928. 
Describes Isopterygium dimunitivum as new species. 

Bartram, E. B. Studies in Funaria from southwestern United 
States. Bryologist 31: 89-96. pil. 8, 9. ““S’ 26 N 1928. 
Four new species are described. 

Bartram, E. B. Texas mosses collected by Mrs. E. A. Harris. 
Bryologist 31: 104-105. “‘S’’ 26 N 1928. 

Beck, W. A. Osmotic pressure, osmotic value, and suction 
tension. Plant Physiol. 3: 413-440. f. 7, 2. O 1928. 

Belling, J. Contraction of chromosomes during maturation 
divisions in Lilium and other plants. Univ. Calif. Publ. Bot. 
14: 335-343. f. 1-5. 11 D 1928. 

Berry, E. W. An Alethopteris from the Carboniferous of Peru. 
Jour. Wash. Acad. Sci. 18: 586-588. f. 7. 19 D 1928. 
Blagg, B. In Grannis Hollow. Bryologist 31: 98-100. ‘S” 

26 N 1928. 

Blake, S. F. A new Grindelia from Texas. Proc. Biol. Soc. 
Washington 41: 139-140. 15 O 1928. 

Grindelia oolepis sp. nov. 

Blake, S. F. Notes on Aster. Rhodora 30: 226-228. ‘“N” 
17 D 1928. 

Blake, S. F. Notes on Thelesperma. Proc. Biol. Soc. Washing- 
ton 41: 145-150. 15 O 1928. 

Bodeker, F. Mamiullaria aurihamata Béd. Zeitsch. Sukkul. 3: 
340-342. illust. N 1928. 

Bédeker, F. Mamiullaria durispina Béd. Zeitsch. Sukkul. 3: 
342-343. illust. N 1928. 

Bouillenne, R. Anatomical material for the study of growth 
differentiation in higher plants. Plant Physiol. 3: 459 
471. f. 1-13. O 1928. 

Bowers, C. G. The blooming dates for Rhododendrons and 
Azaleas. Jour. N. Y. Bot. Gard. 30: 18-20. Ja 1929. 
Braun, E. L. The vegetation of the Mineral Springs region of 
Adams County, Ohio. Ohio Biol. Surv. 3: 383-517. 

f. 1-48. 30 Je 1928. 

Brinley, F. J. Penetration of hydrogen cyanide into living 
cells. Protoplasma 2: 385-391. f. 1-3. 1927. 

Britton, E. G. The Japanese beetle. Torreya 29: 107-109 
f. 1. 2. “D 1928” 8 Ja 1929. 
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Britton, N. L. Chamaecrista Swartz. Addisonia 13: 
pl. 444. 31 D 1928. 

Britton, N. L. Columnea Tulae. Addisonia 13: 57. pl. 445. 
31 D 1928. 

Britton, N. L. Jpomoea polyanthes. Addisonia 13: 49. pl. 441. 
31 D 1928. 

Britton, N. L. Jussiaea angustifolia. Addisonia 13: 51. pl. 442. 
31 D 1928. 

Britton, N. L. Pentarhaphia albiflora. Addisonia 13: 63. 
pl. 448. 31 D 1928. 

Britton, N. L. Rubus rosaefolius. Addisonia 13: 59. pl. 446. 
31 D 1928. 

Britton, N. L. TJetrazygia elaeagnoides. Addisonia 13: 53. 
pl. 443. 31 D 1928. 

Britton, N. L. Volkameria aculeata. Addisonia 13: 61. pl. 447. 
31 D 1928. 

Brooks, C., & Cooley, J. S. Time-temperature relations in 
different types of peach-rot infection. Jour. Agr. Res. 37: 
507-543. f. 1-30. “1 N” D 1928. 

Brown, F. B. H. Cornaceae and allies in the Marquesas and 
neighboring Islands. Bernice P. Bishop Mus. Bull. 52: 
1-22. f. 1-5. 1928. 

Includes description of Lautea gen. nov. 

Cain, S. A. Plant succession and ecological history of a central 
Indiana swamp. Bot. Gaz. 86: 384-401. f. /—8&. 27 D 1928. 

Camus, A. Two new bamboos from New Guinea. Jour. Arnold 
Arbor. 9: 144-146. N 1928. 

Schizostachyum Brassti and Bambusa Brassia spp. nov. 

Campbeil, D. H. The phylogeny of the Angiosperms. Bull. 
Torrey Club 55: 479-497. f. 1-3. “D 1928” 24 Ja 1929. 

Castle, E. S. Dark adaptation and the light-growth response 
of Phycomyces. Jour. Gen. Physiol. 12: 391-—400.f. 1-4. 
20 Ja 1929. 

Charles, V. K. Mrs. Flora Wambaugh Patterson. Mycologia 
21: 1-4. portrait. 2 Ja 1929. 

Chun, W. Y. Additions to the knowledge of Chinese trees. 
I. Jour. Arnold Arbor. 9: 150-153. N 1928. 

Clark, J. A.. & Smith, R. W. Inheritance in Nodak and Kahla 


durum wheat crosses for rust resistance, yield and quality 
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at Dickinson, North Dakota. Jour. Am. Soc. Agron. 20: 
1297-1304. D 1928. 

Clarkson, E. H. The habitat and distribution of the broad-leaf 
spinulose ferns. Am. Fern Jour. 18: 120-124. D 1928. 

Clements, H. F. Plant nutrition studies in relation to the 
triangular system of water cultures. Plant Physiol. 3: 
441-458. f. 1-6. O 1928. 

Cooper, D. C., & Porter, C. L. Phytophthora blight of peony. 
Phytopathology 18: 881-889. pl. 29+f. 1-5. N 1928. 

Cragie, J. H. On the occurrence of pycnia and aecia in certain 
rust fungi. Phytopathology 18: 1005-1015. ff. J-3. 
D 1928. 

Davidson, A. Fritillaria Hutchinsoni n. sp. Bull. So. Calif. 
Acad. Sci. 27: 79. pl. 8. 31 D 1928. 

Davidson, A. Stylophyllum anomalum n. sp. Bull. So. Calif. 
Acad. Sci. 27: 79. 31 D 1928. 

Dobbie, H. B. Lake Rotoiti. Am. Fern Jour. 18: 115-119. 
I) 1928. 

Dodge, B. O. Notes on some /ris troubles. Jour. N. Y. Bot. 
Gard. 30: 5-10. f. 3-5. Ja 1929. 

Donat, A. Verbreitung einiger Desmidiaceen. II. Pflanzen- 
areale 2: 19-22. maps 21-25. 1928; III. Pflanzenareale 
2: 22-25. maps 26-30. 1928. 

Doubt, D. G. Cytology of Halidrys dioica. Bot. Gaz. 86: 330- 
344. f. 1-17. 30 N 1928. 

Dupret, H. Amblystegium riparium, var. abbreviatum. Bryolo- 
gist 31: 96-98. f. 1. “S” 26 N 1928. 

Duursma, G. D. Echinocactus Lloydti. Succulenta 10: 228- 
229. illust. D 1928. 

Ennis, B. The life forms of Connecticut plants and their sig- 
nificance in relation to climate. Conn. Geol. & Nat. Hist. 
Surv. Bull. 43: 1-100. pl. 1-20. 1928. 

Epling, C. Notes on the Linnean types of American Labiatae. 
Jour. Bot. 67: 1-12. Ja 1929. 

Eyster, W. H. Variation in size of plastids in genetic strains 
of Zea Mays. Science II. 69: 48. 11 Ja 1929. 

Farr, C. H. Studies on the growth of root hairs in solutions. 
VII. Further investigations on collards in calcium hydrox- 
ide. Bull. Torrey Club 55: 223-246. f. 16-18. ‘“‘My” 
2 Au 1928; VIII. Structural and intracellular features of 
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collards in calcium nitrate. 529-553. f. 1-3. “D 1928” 
24 Ja 1929. 

Fellows, H. Some chemical and morphological phenomena 
attending infection of the wheat plant by Ophiobolus 
graminis. Jour. Agr. Res. 37: 647-661. pl. 1, 2+f. 1-4. 
“1 D 1928” Ja 1929. 

Fernald, M. L. Some eastern American forms of Senecio. 
Rhodora 30: 224-226. “‘N’’ 17 D 1928. 

Fries, R. E. Zwei neue Anonaceen. Repert. Spec. Nov. 24: 
246-248. 25 My 1928. 

Includes Unonopsis Buchtienii n. sp. from Bolivia. 

Galloway, B. T. Flora W. Patterson, 1847-1928. Phyto. 
pathology 18: 877-879. N 1928. 

Goldstein, B. Nuclear form as related to functional activities 
of normal and pathological cells. Bot. Gaz. 86: 365-383. 
f. 1-11. 27 D 1928. 

Guterman, C. E. F. A preliminary report on mechanical trans- 
mission of the mosaic of Lilium auratum. Phytopathology 
18: 1Q25-1026. D 1928. 

Haas, A. R. C., & Batchelor, L. D. Relation of phosphorus 
content to shriveling of walnut kernels. Bot. Gaz. 86: 
448-455. f. 1,2. 27 D 1928. 

Haas, A. R. C., & Thomas, E. E. Effect of sulphate on lemon 
leaves. Bot. Gaz. 86: 345-354. f. 1,2. 30 N 1928. 

Haasis, F. W. Germinative energy of lots of coniferous-tree 
seed, as related to incubation temperature and to duration 
of incubation. Plant Physiol. 3: 365-412. f. 1-15. O 1928. 

Hahn, G. G. The inoculation of Pacific northwestern Ribes 
with Cronartium ribicola and C. occidentale. Jour. Agr. 
Res. 37: 663-683. f. 1-3. “1 D 1928” Ja 1929. 

Hanna, W. F. A simple apparatus for isolating single spores. 
Phytopathology 18: 1017-1021. f. 1-3. D 1928. 

Hansen, H. N. Endosepsis and its control in caprifigs. Phyto- 
pathology 18: 931-938. f. 1,2. N 1928. 

Harms, H. Leguminosae americanae novae. VIII. Repert. 
Spec. Nov. 24: 209-213. 25 My 1928. 

Hayes, H. K., & Brewbaker, H. E. Heritable characters in 
maize. XXXIII. Sorghum tassel. Jour. Heredity 19: 
561-567. f. 17-20. D 1928. 

Heck, A. F. A study of the nature of the nitrogenous com- 
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pounds in fungous tissue and their decomposition in the soil. 
Soil Sci. 27: 1-46. pl. 1+f. 1-6. Ja 1929. 

Heimerl!, A. Nyctaginaceae novae a clar. E. L. Ekinan in Cuba 
lectae. Repert. Spec. Nov. 24: 225-230. 25 My 1928. 
Includes new species in Pisonia (3) and Neea (1), 

Hein, I. Studies on morphogenesis in fungous mycelia. Bull. 
Torrey Club 55: 513-528. pl. 15. “‘D 1928” 24 Ja 1929. 

Hicks, G. C. Chromosome studies in the Cyperaceae, with 
special reference to Scirpus. Bot. Gaz. 86: 295-317. pl. 
10, 11. 30 N 1928. 

Hitchcock, A. S. New species of grasses from the United States. 
Proc. Biol. Soc. Washington 41: 157-164. 15 O 1928. 

Hoagland, D. R., Davis, A. R., & Hibbard, P. L. The influence 
of one ion on the accumulation of another by plant cells 
with special reference to experiments with Nitella. Plant 
Physiol. 3: 473-486. f. 1-4. O 1928. 

Howe, M. A. Edward Sandford Burgess (1855-1928). Bull. 
Torrey Club 55: 433-440. portrait. “‘N’’ 4 D 1928. 

Hubert, E. E. Relation of forest management to the control 
of white pine blister rust. Jour. Forestry 26: 892-898. 
N 1928. 

Ireland, J. C. Controlling influences in corn rot problems. Bot. 
Gaz. 86: 249-269. f. 1-3. 30 N 1928. 

Jackson, C. V. Seed germination in certain New Mexico range 
grasses. Bot. Gaz. 86: 270-294. f. 1-5. 30 N 1928. 

Jaeger, E.C. Pinus edulis Engelm. occurs in California. Bull. 
So. Calif. Acad. Sci. 27: 91. 31 D 1928. 

Jean, F. C. Root inheritance in peas. Bot. Gaz. 86: 318-329. 
f. 1-4. 30 N 1928. 

Jeffrey, E. C. Technical contributions. Bot. Gaz. 86: 456 
467. f. 1-3. 27 D 1928. 

Includes: 1. Improved method of softening hard tissues. 2. Mass method 


of imbedding. 3. Sliding microtome for cutting hard tissues. 4. Improve- 
ment in use of nitrocellulose for imbedding. 5. Air pump for the field. 


Jehle, R. A.,. & Hunter, H. A. Observations on the discharge 
of ascospores of Venturia inaequalis in Maryland. Phyto- 
pathology 18: 943-945. N 1928. 

Jenkins, A. E., & Horsfall, J. G. A comparison of two species 
of Plectodiscella. Mycologia 21: 44-51. f. 1,2. 2 Ja 1929. 


Jones, F. R. Development of the bacteria causing wilt in the 
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alfalfa plant as influenced by growth and winter injury. 
Jour. Agr. Res. 37: 545-569. f. 1-10. “1 N” D 1928. 

Keene, F. W. Notes on the natural history of Mount Katahdin. 
Maine Nat. 8: 140-141. D 1928. 

Kemp, W. B. Genetic equilibrium and selection. Genetics 14: 
85-127. f. 1,2. 1 Ja 1929. 

Kennedy, P. B. Goat grass or wild wheat (Aegilops triuncialis). 
Jour. Am. Soc. Agron. 20: 1292-1296. f. 1. D 1928. 
Kenyan, F. M. G. A morphological and cytological study. of 
Ipomoea trifida. Bull. Torrey Club 55: 499-512. pl. 14+ 

f. 1-13. “D 1928” 24 Ja 1929. 

Kostoff, D. Acquired immunity in plants. Genetics 14: 37-77. 
f. 1-12. 1 Ja 1929. 

Kostoff, D. Studies on callus tissue. Am. Jour. Bot. 15: 565- 
576. pl. 37-41. ““D 1928” 10 Ja 1929. 

Kiikenthal, G. Cyperaceae novae vel criticae imprimis Antil- 
laneae. Repert. Spec. Nov. 24: 298-299. 25 My 1928. 

Larsen, E. L. A new variety of Vernonia Lindheimeri. Ann. 
Missouri Bot. Gard. 15: 333-334. pl. 45. 22 D 1928. 

Lee, H. A., & Martin, J. P. Oxidizing agents in sulphur to 
increase fungicidal activity. Phytopathology 18: 1026— 
1027. D 1928. 

Lee, H. A., & Pierce, W. D. Bacterial red-stripe disease of 
sugar cane in countries of the Pacific. Phytopathology 18: 
945. N 1928. 

Lewis, F. T. The shape of cork cells: a simple demonstration 
that they are tetrakaidecahedral. Science II. 68: 625- 
626. f. 1,2. 21 D 1928. 

Lloyd, W. I principali nemici dell’ Hevea Brasiliensis. Agr. 
Coloniale 22: 417-426. illust. N 1928. 

Long, B. Some noteworthy indigenous species new to the Phila- 
delphia area. Bartonia 10: 30-52. 9 Ja 1929. 

Louis-Marie (Father). The genus 7risetum in America. Rho- 
dora 30: 209-223. ‘“‘N” 17 D 1928; 237-245. ““D 1928” 
24 Ja 1929. 

McClelland, T. B. Studies of the photoperiodism of some 
economic plants. Jour. Agr. Res. 37: 603-628. f. 1-12. 
“15 N 1928” Ja 1929. 

McCoy, E., Higby, W. M., & Fred, E. B. The assimilation of 
nitrogen by pure cultures of Clostridium Pasteurianum 
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and related organisms. Centralb. Bakt. 2 Abt. 76: 314-320. 
f. 1. 13 D 1928. 

Mackenzie, K. K. Solidago flexicaulis and Solidago lattfolia. 
Rhodora 30: 223-224. ““N’’ 17 D 1928. 

Mackie, J. R. Localization of resistance to powdery mildew 
in the barley plant. Phytopathology 18: 901-910. f. I-3. 
N 1928. 

Malte, M. O. Commercial bent grass (Agrostis) in Canada. 
Ann. Rep. Nat. Mus. Canada 1926: 105-126. pl. 14-19. 
1928. 

Marchionatto, J. B. Fitopardsitos de la Argentina nuevos o 
poco concidos. II. Rev. Fac. Agron. Univ. Nat. La Plata 
18: 21-29. f. 1-5. Jl 1928. 

Maxon, W.R. The identification of Polypodium triangulum L. 
Jour. Washington Acad. Sci. 18: 582-586. f. 7. 19 D 1928. 

Metzger, W. H., & Janssen, G. The relation of sodium nitrate 
and certain other nitrogen carriers to the development of 
chlorosis in rice. Jour. Agr. Res. 37: 589-602. “15 N 1928” 
Ja 1929. 

Molfino, J. F. Nota sinonimica de la “Artemisia vulgaris” de 
los autores Argentinos. Rev. Fac. Agron. Univ. Nat. La 
Plata 18: 44—47. allust. J1 1928. 

Moore, L. B. Pelvetia fastigiata. Bot. Gaz. 86: 419-434. 
f. 1-25. 27 D 1928. 

Moxley, E. A. Further notes on mosses of the Bruce Peninsula. 
Bryologist 31: 126-127. N 1928. 

Niedenzu, F. Malpighiaceae—I, II, III. Pflanzenreich 4™: 
1-246. f. 1-24. 28 F 1928; 247-572. f. 25-41. 19 Je 1928; 
573-870. f. 42-48. 27 N 1928. 

Palmer, E. J. A botanical trip through the Chisos Mountains 
of Texas. Jour. Arnold Arbor. 9: 153-173. N 1928. 

Palmer, E. J. Leaves from a collector’s note book. Jour. Arnold 
Arbor. 9: 173-187. N 1928. 

Papp, C. Monographie der Siidamerikanischen Atten der 
Gattung Melica L. Repert. Spec. Nov. 25: 97-160. 
pl. 45-58. 25 N 1928. 

Pearl, R., Winsor, C. P., & Barclay, F. B. The form of the 
growth curve of the canteloup (Cucumis melo) under field 
conditions. Proc. Nat. Acad. Sci. 14: 895-901. f. J, 2. 
15 D 1928. 
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Peckham, E. A. S. Naturalistic plantings of early-flowering 
bulbs. Jour. N. Y. Bot. Gard. 30: 1-5. f. 1, 2. Ja 1929. 

Peltier, G. L. Control of bunt of wheat in Nebraska. Phyto- 
pathology 18: 921-929. N 1928. 

Pennell, F. W., & Wherry, E. T. The genus Chelone of eastern 
North America. Bartonia 10: 12-23. pl. 1-4. 9 Ja 1929. 

Pitman, E. M. A partial list of mosses found in Winthrop, 
Maine. Maine Nat. 8: 131-132. D 1928. 

Pitman, H. Notes on some of the lichens and hepatics of Win- 
throp, Maine. Maine Nat. 8: 133-134. D 1928. 

Popenoe, W. The mangosteen in America. Jour. Heredity 19: 
537-545. f. 6-8. D 1928. 

Porter, R. H., Yu, T. F., & Chen, H. K. The effect of seed 
disinfectants on smut and on yield of millet. Phyto- 
pathology 18: 911-919. N 1928. 

Purdon, M. A. Brassavola nodosa. Orchid Rev. 36: 355-356. 
tllust. D 1928. 

Quisumbing, E., & Merrill, E. D. New Philippine plants. 
Philip. Jour. Sci. 37: 133-213. pl. 1-4. O 1928. 

Raunkiaer, C. Myxomycetes from the West Indian Islands 
St. Croix, St. Thomas and St. Jan. Dansk. Bot. Arkiv 
5%; 1-9. 7 N 1928. 

Reed, G. M. The inheritance of resistance of oat hybrids to 
loose and covered smut. Ann. N. Y. Acad. Sci. 30: 129- 
176. 21 My 1928. 

Roberts, J. W., & Pierce, L. Control of peach bacterial spot. 
Hoosier Hort. 11: 6-12. Ja 1929. 

Robertson, D. W. Linkage studies in barley. Genetics 14: 
1-36. f. 1,2. 1 Ja 1929. 

Rodenhiser, H. A. Physiologic specialization in some cereal 
smuts. Phytopathology 18: 955-1003. f. 1-18. D 1928. 

Rosendahl, C. O. Betula cordifolia, a well-marked species in 
the Lake Superior region. Jour. Forestry 26: 878-882. 
tllust. N 1928. 

Sampaio, A. J. de. Actuaes difficuldades da systematica do 
gen. Coffea L. Bol. Mus. Nac. Rio de Janeiro 3: 137-224. 
pl. 1, 2. 1927. 

Scarth, G. W. The structural organization of plant protoplasm 
in the light of micrurgy. Protoplasma 2: 189-205. pl. 3. 
1927. 
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Schaffner, J. H. The general course of evolution in the plant 
kingdom. Studies in determinative evolution, I. Ohio 
Jour. Sci. 28: 277-291. ““N’”’ 15 D 1928. 

Schertz, F. M. The chloroplast pigments, their functions, and 
the probable relation of chlorophyll to the vitamines. 
Quart. Rev. Biol. 3: 459-485. D 1928. 

Schertz, F. M. The preparation of chlorophyll. Plant Physiol. 
3: 487-497. O 1928. 

Seaver, F. J. The North American cup-fungi (Operculates). 
i-vii, 1-284. pl. 1-45+f. 1—-15+-frontispiece. New York, 
30 D 1928. 

Sessicns, A. C., & Shive, J. W. A method for the determination 
of inorganic nitrogen in plant extracts. Plant Physiol. 3: 
499-511. f. J. O 1928. 

Shaw, M. C. Palms in California. Gard. Chron. Am. 33: 7-8. 
tllust. Ja 1929. 

Sinnott, E. W. The plant life of Australia and New Zealand. 
Jour. N. Y. Bot. Gard. 30: 11-18. f.6—9. Ja 1929. 

Skeen, J. R. Some reactions of seedlings to weak concentra- 
tions of hydrochloric acid and calcium. Soil Sci. 26: 471- 
478. D 1928. 

Small, J. K. The Everglades. Sci. Monthly 28: 80-87. dllust. 
Ja 1929. 

Small, W. Note on the parasitism of Macrophomina Phaseolt 
(Maubl.) Ashby (Rhizoctonia bataticola (Taub.) Butler). 
Trop. Agr. 5: 315-319. D 1928. 

Soares, A. J. Coast flowers of California. Flower Grower 16: 
27-28. allust. Ja 1929. 

Sprague, T. A. Discovery of the genus Cooperia in Peru. Kew 
Bull. Misc. Inf. 1928: 385-388. illust. 10 D 1928. 

Stair, E. C., Brown, H. D., & Hienton, T. E. Forced ventilation 
as a means of controlling tomato Cladosporium and Sep- 
toria in hotbeds. Phytopathology 18: 1027-1029. f. J. 
D 1928. 

Stewart, F. C. Is Psalliota brunnescens under cultivation? 
Mycologia 21: 41-43. pl. 6,7. 2 Ja 1929. 

Swanson, A. F. Seed-coat structure and inheritance of seed 
color in sorghums. Jour. Agr. Res. 37: 577-588. f. 1. 
“15 N 1928” Ja 1929. 

Taylor, W. R. A species of Acrothrix on the Massachusetts 





1929) 


Taj 


The 


The 


Th 


Tre 


Trt 


Up 


Url 


Vai 








1929] INDEX TO AMERICAN BOTANICAL LITERATURE 179 


coast. Am. Jour. Bot. 15: 577-583. pl. 42,43. ‘““D 1928” 
10 Ja 1929. 

Taylor, W. R., & Colton, H. S. The phytoplankton of some 
Arizona pools and lakes. Am. Jour. Bot. 15: 596-614. 
pl. 46, 47. ““D 1928” 10 Ja 1929. 

Thomas, E. E., & Haas, A. R. C. Injection method as a means 
of improving chlorotic orange trees. Bot. Gaz. 86: 355- 
362. f. 1-3. 30 N 1928. 

Thompson, W. P., & Cameron, D. R. Chromosome numbers 
in functioning germ cells of species-hybrids in wheat. 
Genetics 13: 456-469. N 1928. 

Thompkins, C. M., & Nuckols, S. B. Development of storage 
diseases in sugar beets resulting from hook injury. Phyto- 
pathology 18: 939-941. f. 1,2. N 1928. 

Trelease, W. Some nondescript Pipers from New Guinea. 
Jour. Arnold Arbor. 9: 146-150. N 1928. 

Eleven new species are described. 

Trudell, H. W. A new colony of Elliottia. Bartonia 10: 24-27. 
9 Ja 1929. 

Uphof, J. C. T. Notizen aus dem Staate Florida. III. Zierge- 
hélze in Zentral-Florida. Mitt. Deut. Dendrol. Gesellsch. 
37: 104-113. pl. 11-16. illust. 1926. IV. Nordwestliches 
Florida. Mitt. Deut. Dendrol. Gesellsch. 38: 158-173. 
pl. 32. illust. 1927. V. Biologische und morphologische 
Beobachtungen iiber verschiedene Pflanzen-Gesellschaften. 
Mitt. Deut. Dendrol. Geselisch. 40: 226-245. pl. 45, 46. 
tllust. 1928. 

Urban, I., & Helwig, B. Malvaceae novae et minus cognitae 
Cubenses atque Domingenses. Repert. Spec. Nov. 24: 
231-238. 25 My 1928. 

Vainio, E. A. New species of lichens from Porto Rico II. 
Mycologia 21: 33-40. 2 Ja 1929. 


Includes Finkia & Gyrocollema, gen. nov. and 19 new species in various 
genera. 


Waite, W. H. Growing dahlias from seed. Jour. N. Y. Bot. 
Gard. 29: 297-299. D 1928. 

Wieland, G. R. The world’s two greatest petrified forests. 
Science II. 69: 60-63. 18 Ja 1929. 

Werdermann, E. Mamiillaria Giilzowiana Werd. n. sp. Zeitsch. 
Sukkul. 16: 356-357. illust. 15 D 1928. 
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Whelden, R. M. Observations on the red alga Dumontia 
filiformis. Maine Nat. 8: 121-130. f. 1-4. D 1928. 

Wherry, E. T. Chasing Chelones. Bartones 10: 1-11. 9 Ja 
1929. 

Whetzel, H. H. North American species of Sclerotinia. I1. Two 
species on Carex, S. Duriaeana (Tul.) Rehm, and S. longt- 
sclerotialis n. sp. Mycologia 21: 5-32. pl. 1-5+4+f. 1. 
2 Ja 1929. 

Wilder, G. P. The breadfruit of Tahiti. Bernice P. Bishop 
Mus. Bull. 50: 1-83. pl. 1-39. 1928. 

Williams, R. S. Some apparently undescribed mosses from 
Peru, also new combinations. Bryologist 31: 109-122. 
pl. 10-16. N 1928. 

Wilson, E. H. Podocarpus falcata R. Br. Jour. Arnold Arbor. 
9: 143-144. pl. 14. N 1928. 

|Wilson, G.| Masdevallia chimaera. Orchid Rev. 36: 324-326. 
tllust. N 1928. 

[Wilson, G.] Masdevallia ephippium. Orchid Rev. 36: 324. 
tllust. N 1928. 

Wodehouse, R. P. The phylogenetic value of pollen-grain 
characters. Ann. Bot. 42: 891-934. pl. 20, 21+f. 1, 2. 
“O” D 1928. 

Wolff, H. Eryngia nova americana. Repert. Spec. Nov. 24: 
224. 25 My 1928. 

Wood, H. C., Jr. Sumac and poison ivy. Am. Jour. Pharm. 
100: 663-674. f. 1-5. N 1928. 

Woodson, R. E., Jr. Dysosma: a new genus of Berberidaceae. 
Ann. Missouri Bot. Gard. 15: 335-340. pi. 46. 22 D 1928. 

Woodson, R. E., Jr. Studies in the Apocynaceae. II. A revision 
of the genus Stemmadenia. Ann. Missouri Bot. Gard. 15: 
341-378. pl. 47-49+f. 1,2. 22 D 1928. III. A monograph 
of the genus Amsonia. 379-434. pl. 50-53. 22 D 1928. 

Woodworth, C. M. Relative infrequency of soybean varieties 
having only one factor for yellow cotyledon. Genetics 13: 
453-455. N 1928. 

Yarnell, S. H. Notes on the somatic chromosomes of the 
seven-chromosome group of Fragaria.Genetics 14: 78-84. 
pl. 1,2. 1 Ja 1929. 

Zeliff, C. C. Studies of the effects of certain organic and in- 
organic acids on Sclerotinia sclerotiorum. Trans. Am. 
Microscop. Soc. 47: 468-473. O 1928. 

Zirkle, C. Nucleolus in root tip mitosis in Zea Mays. Bot. Gaz. 
86: 402-418. pl. 12, 13. 27 D 1928. 





